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nmuHwcnw 

Conditions  of  drought  through  the  Central  West  in  the  Nineteen  Thirties 
emphasised  the  need  for  conservation  of  soil  aoisture.     When  rainfall  is  low 
and  evaporation  is  high,   suoh  conservation  may  mean  the  difference  between 
success  or  failure  of  a  crop.     Thompson  (1936),  working  in  South  Africa  under 
conditio,*  comparable  with  those  at  Manhattan,  estimated  that  corn  transpires 
about  50  percent  of  the  rainfall  while  about  35  percent  of  the  rainfall  is 
lost  through  evaporation  and  about  15  percent  through  runoff.     Salmon  and 
Throckmorton  (1929)  pointed  out  the  necessity  of  moisture  conservation  in 
central  and  western  Kansas  and  the  need  of  cultural  methods  which  would  ac- 
complish this.     Many  attempts  have  been  made  to  conserve  such  of  that  rain- 
fall which  reaches  the  surface  of  the  soil  and  at  the  same  time  to  reduce 
erosion.     Through  the  use  of  contour  farming,  strip  cropping,  terracing, 
etc. ,  this  has  been  partially  accomplished. 

less  of  water  through  runoff  under  conditions  of  cultivation  is  almost 
universally  accompanied  by  loss  of  soil  and  associated  soil  nutrients  in 
either  suspension  or  solution.     Bennett  and  Lowdermilk  (1938)  have  reviewed 
the  soil  erosion  problem  extensively.     They  presented  evidence  to  show  that 
erosion  has  sntered  every  major  agricultural  region  of  the  united  States, 
and  therefore  to  some  degree  erosion  has  influenced  the  production  of  every 
staple  commodity.     They  state  that  43  percent  of  the  orop  lands  of  the 
united  States  are  now  in  need  of  erosion-control  practices.     It  is  for- 
tunate that  moisture  conservation  and  erosion  oontrol  are  so  intimately  re- 
lated,  tar  those  factors  whioh  accomplish  the  one,  tend  to  oontrol  the  other. 


At  times,  such  as  the  period  1930-1936,  wind  is  a  very  important  erosion 
factor;  hence  an  attempt  has  been  nade  to  develop  cultural  practices  which 
will  control  the  effect  of  both  elements  and  at  the  sane  tine  conserve  soil 
■olsture. 

Stubble,  which  often  has  been  left  on  the  surface  of  fields,  conserves 
■olsture  and  prevents  erosion.  Frequently  in  the  Qreat  Plains  the  only  cul- 
tivation such  fields  receive  is  a  disking  at  seeding  tine  or  no  other  culti- 
vation than  such  as  night  be  accomplished  by  "atubbllng  in"  of  the  seed. 

Of  nore  recent  vintage  is  the  practice  of  stubble-nulch  tillage.  By 
allowing  crop  residues  to  remain  on  the  surface,  Duley  and  Kelly  (1939),  and 
Beutner  and  Anderson  (1943),  have  been  able  to  show  that  soil  moisture  was 
increased  while  runoff  and  erosion  were  greatly  reduced.  There  can  be  little 
doubt  that  the  practiae  of  returning  crop  residues  Is  desirable,  but  when 
this  is  combined  with  subsurface  tillage,  nany  questions  nay  be  raised. 
Among  these  questions  are  the  effect  of  the  treatment  on  yield,  nitrate  ac- 
cumulation, soil  structure,  bacterial  population,  and  organic  natter  deple- 


It  was  in  an  attempt  to  answer  some  of  these  questions  that  this  study 
of  subsurface  tillage  was  undertaken.  It  is  realised  that  in  such  a  brief 
period  as  the  two  years  of  study,  many  long-time  trends  nay  not  be  apparent. 
However,  certain  trends  and  observations  are  indicative  of  future  expecta- 
tions and  have  been  presented  in  the  hope  that  they  will  bring  about  a  better 
understanding  of  some  of  the  soil  prooesses  connected  with  subsurface  culti- 
vation. 


REVIEW  OF  LUERATIHE 
Moisture  Accumulation  and  Erosion  Control 

Many  workers  have  investigated  the  relation  of  plant  residue  management 
to  soil  moisture  accumulation  and  erosion.     In  general,  residue  management 
increases  soil  noisture  and  decreases  soil  loss  through  erosion. 

Lowdermilk  (1930)  has  shown  that  when  forest  litter  is  used  as  a  surface 
cover,  runoff  ia  greatly  reduced,  especially  in  fine-textured  soils.     His 
conclusion  is  that  the  suspended  particles  in  runoff  water  from  bare  soils 
filter  out  at  the  surface  and  seal  the  pores  sufficiently  to  account  for  the 
narked  difference  in  the  rate  of  absorption  between  bare  and  litter-covered 
soils.     It  was  further  noted  that  the  capacity  of  forest  litter  to  absorb 
rainfall  was  insignifioant  in  comparison  with  its  ability  to  maintain  a  high 
percolation  rate  in  the  soil  profile. 

In  working  with  pastures,  Beutner  and  Anderson  (1943)  were  able  to  show 
a  decrease  in  the  percentage  of  water  loss  from  61.9  for  bare  soils  to  19.5 
for  grass  covered  with  straw  mulch. 

Feustel  and  Byers  (1936)  have  shown  that  increasing  the  moisture-holding 
capacity  of  the  soil  through  the  addition  of  organio  natter  does  not  neces- 
sarily increase  the  amount  of  available  water  and  may  be  harmful  in  that  it 
increases  the  evaporation  rata. 

»iley  and  Miller  (1923)  determined  runoff  and  erosion  over  a  6-year 
period  on  plots  under  different  types  of  cultivation.     They  were  able  to  show 
that  plots  in  sod  absorbed  the  nost  water  followed  by  plots  in  a  rotation  of 
corn,  wheat,  and  clover.     Plots  which  were  not  cultivated  but  had  the  weeds 


renoved,  absorbed  the  least  amount  of  mater.  Fron  the  erosion  standpoint, 
plots  plowed  4  Inches  deep  and  fallowed,  showed  greatest  soil  loss,  while 
sod  cover  protected  the  soil  to  the  greatest  extent.  They  concluded  that 
the  use  of  a  rotation  Including  grass  or  clover  was  best  for  erosion  control. 

In  working  with  mulched  and  unmilahed  plots,  Duley  and  Kelly  (1939)  con- 
cluded that  the  degree  of  slope  had  but  slight  effect  on  the  rate  of  infil- 
tration on  mulched  plots.  After  runoff  began,  there  was  little  change  In  the 
rate  of  infiltration  with  increased  rate  of  water  application.  Straw  mulch 
increased  the  total  Intake  of  water  and  the  rate  of  Infiltration  over  that  of 
bare  surface.  Conditions  of  the  surface  were  shown  to  be  the  principal  fac- 
tor influencing  infiltration  and  runoff.  The  formation  of  a  layer  at  the 
surface  quite  iapervioue  to  water  was  prevented  by  straw  covering.  When  the 
surface  was  left  bare,  soil  type  and  structure  had  little  effect  on  Infil- 
tration. 

Through  the  medium  of  field  and  lysineter  tests,  Lamb  and  Chapnan  (1943) 
showed  that  In  some  cases  evaporation  was  slightly  higher  under  such  covers 
as  straw  mulch  or  65  percent  flagstone  than  under  clean  cultivation.  Straw 
mulch  was  also  found  to  decrease  the  soil  temperature  by  as  much  as  20  de- 
grees F.  as  compared  with  a  stone  cover  of  18  percent. 

From  field  measurements,  Duley  and  Hub sal  (1943)  concluded  that  even 
small  amounts  of  crop  residue  greatly  reduced  runoff  and  erosion,  the  reduc- 
tion in  erosion  being  relatively  greater  than  that  of  runoff.  They  suggest 
the  proper  use  of  contour  fanning,  crop  sequence,  and  surface  residue  to 
control  erosion. 

Salmon  and  Throckmorton  (1929)  pointed  out  that  top  dressings  of  3000 
pounds  per  acre  of  straw  tended  to  retard  spring  growth  and  reduoe  yields. 


For  the  10-year  period,  1911-1920,  the  yields  from  plots  double-disked  «t 
seeding  tica  only  were  about  1/3  of  tliose  from  plots  which  were  plowed  deep 
in  July.     These  iiorkers  also  pointed  out  the  difficulty  encountered  in  the 
control  of  Hessian  fly  wliere  excess  volunteer  was  experienced. 

Of  7  cultural  treatments,  Daley  and  ttussal  (1939)  found  2  tons  of  straw 
on  the  surface  to  conserve  the  greatest  percentage  of  rainfall  and  to  allow 
the  deepest  penetration  of  moisture.     Eight  tons  of  straw  per  acn   applied  to 
the  surface  resulted  in  the  highest  yield  of  air-dried  corn  fodder  and  the 
liighest  storage  of  soil  moisture.     Admitting  that  soce  effucts  of  surface 
mulch  may  be  adverse,  they  suggest  its  use  primarily  for  conservation  of  soil 
and  water. 

The  rainfall  characteristics  noat  important  in  erosion  are  intensity, 

duration,  and  frequency,  as  shown  by  Blumenstock  (1939).     He  further  states) 

Protracted  periods  without  precipitation  make  the  soil  particularly 
susceptible  to  renoval  by  rainwater  and  wind.     It  is  clear,  there- 
fore, that  rainless  intervals  of  long  extent  engender  erosion.   .   . 
During  droughts  the  physical  properties  of  the  soil  are  modified 
by  excessive  drying,  its  power  of  cohesion  is  lessened,  and  it  be- 
nore  susceptible  to  the  forces  of  wind  and  water. 


The  amount  of  moisture  conserved  in  the  soil  will  not  only  depend  upon 
that  retained  where  it  falls,  but  will  also  depend  upon  evaporation. 

Baver  (1936),  in  a  review  of  literature  on  moisture  movement,  cites  the 
contention  of  Veihmeyer  that  losses  of  soil  moisture  by  evaporation  are 
largely  confined  to  the  upper  8  inches  and  that  the  greatest  loss  occurs  from 
the  upper  4.     He  further  points  out  the  higher  infiltration  rate  which  ac- 
companies increased  non-capillary  pore  space. 

State  of  Aggregation 

The  non-capillary  pore  space  is  a  function  of  the  state  of  aggregation 
of  the  soil.    When  the  soil  is  well  aggregated,  the  pore  space  designated  as 


non-capillary  is  increased  and  the  soil  air-soil  water  relationship  with  the 
plant  root  is  generally  considered  to  be  improved. 

Cole  (1939)  using  a  dry  method  of  screening  for  aggregate  separation, 
pointed  out  that  cultivation  increases  the  percentage  of  stall  aggregates  at 
the  expense  of  the  larger  aggregates.     In  the  more  moist  plots  there  was  a 
greater  percentage  of  aggregates  in  the  sine  range  j/128  inch  to  3/4  inch  and 
a  smaller  percentage  of  aggregates  both  larger  and  smaller  than  this  size. 
Highly  pulveriaed  soils  showed  increased  cloddiness  following  irrigation. 

Martin  (1943)  concluded  that  composts  and  compost  material  added  to  soil 
influenced  the  state  of  aggregation.     In  general,  the  higher  the  percent  of 
readily  decomposable  constituents  in  the  organic  material,  the  greater  was 
its  influence  upon  aggregation.     This  was  attributed  to  microorganisms.     A 
found  that  the  effect  from  highly  composted  material  was  less  than  tha     froa 
material  which  had  undergone  a  snaller  degree  of  decomposition.     Relatively 
inactive  materials  as  peat  plus  tinottay  hay  had  little  influence  on  the  state 
of  aggregation. 

In  studies  on  the  effect  of  incorporated  sucrose,  alfalfa,  rye  plus 
vetch,  and  wheat  straw,  with  Oilpin  sllty  clay  loam,  Browning  end  Milan 
(1941)  concluded  that  all  treatments  up  to  applications  of  B  tons  per  acre 
increased  the  state  of  aggregation  of  those  fractions  larger  than  0.25  ma. 
These  increases  were  significant  for  each  unit  increase  in  organla  natter. 
Sucrose  was  the  moat  effective  and  wheat  straw  the  least  effective  in  pro- 
ducing aggregation. 

Daver  and  ilhoades  (1932)  have  pointed  out  that  3oils  high  in  organic 
natter  contain  20  to  30  percent  more  aggregates  than  soils  whioh  are  low  in 
this  naterial.     They  further  state  that  aggregates  high  in  organic  matter 


■ay  be  as  much  as  3  tines  more  stable  than  those  low  In  organic  Batter. 

Browning  (1937)  pointed  out  that  organio  matter  added  to  the  soil  de- 
creased the  dispersion  of  the  soil  material  which  was  less  than  50  nicrons 
in  else.  He  used  chopped  alfalfa  at  6  and  12  tons  per  acre,  and  detemined 
their  effect  after  1,  3,  and  5  months.  In  general,  the  effect  of  added 
organio  natter  was  noticeable  within  1  Month  through  increased  Infiltration 
and  percolation  rates.  He  concluded  that  the  effect  of  moisture  content 
on  the  rate  of  dispersion  was  dependent  upon  the  amount  of  colloidal  material 
present.  When  the  soil  was  rich  in  organic  or  inorganic  colloid,  moisture 
content  had  little  or  no  effect  on  the  dispersion  rate,  but  when  the  colloid 
fraction  was  low,  dispersion  increased  with  moisture  content. 

Kolodny  and  Joffe  (1939)  designated  the  fraction  less  than  40  niorona 
in  size  as  the  micro-aggregated  fraction  and  studied  the  dispersion  of  this 
fraction  in  relation  to  soil  moisture.  Their  studies  led  then  to  conclude 
that  dispersion  increases  with  increased  moisture  content.  They  were  also 
able  to  show  that  soils  which  were  slowly  wet  by  capillarity  were  dispersed 
to  a  greater  extent  than  the  same  soil  when  wet  rapidly.  They  suggested 
that  such  studies  made  on  samples  from  the  field  gave  a  bettor  picture  of 
actual  soil  conditions  than  was  obtained  from  air-dried  samples.  However, 
from  a  study  of  dry  soil  aggregates,  Todar  (1936)  concluded  that  rapid 
wetting  of  soils  resulted  in  entrapment  of  air,  and  the  resultant  pressure 
developed  broke  down  the  aggregate. 

Work  with  polar  liquids  has  led  UcHsnry  and  Russell  (1943)  to  believe 
that  hydration  associated  with  polar  liquids  are  the  Important  factors  in 
formation  of  water-stable  aggregates.  They  related  this  to  hydration  of  the 
ions  and  concluded  that  drying  appears  to  be  one  of  the  most  effective  agents 


for  aggregate  production.  2hoir  work  was  on  artificial  soils. 

Froo  the  results  of  4  years  of  experiments,  Aldarfer  and  Herkle  (1943) 
have  concluded  that  surface  applications  are  more  affective  than  incorpora- 
tion of  residues  in  producing  structural  stability,  in  increasing  permea- 
bility and  infiltration,  and  in  Maintaining  good  noistura  conditions. 

Elson  (1943)  defined  the  nacroaggregates  as  those  aggregates  from  1  to 
3  mm.  in  sloe  and  concluded  that  their  occurrence  was  8  percent  greater 
under  fertilised  or  manured  plots  than  under  untreated  plots.  Manured  plots 
contained  15  percent  more  such  aggregates  than  fertilised  plots.  Manure  was 
found  to  be  nore  affective  in  wet  years  than  in  dry  years  in  increasing  the 
number  of  nacroaggregates. 

In  greenhouse  expsriiaonts,  Foele  &nd  Beala  (1943)  noted  that  the  rate 
of  formation  of  water-stable  aggregates  was  similar  to  the  rate  of  bacterial 
growth  as  shown  by  carbon  dioxide  production.  A  high  state  of  aggregation 
persisted  after  microbial  activity  had  declined,  large  aggregates  were 
gradually  converted  into  saaller  aggregates. 

Myers  and  UoCalla  (1941)  worked  with  soils  to  which  1000  p.p.n.  sucrose 
had  been  added.  They  found  a  significant  rise  in  the  state  of  aggregation 
for  all  aggregates  larger  than  0.105  mm.  A  highly  significant  correlation 
coefficient  was  also  found  between  bacterial  numbers  and  the  state  of  aggre- 
gation. This  disappeared  with  tins.  However,  studies  on  sterilised  soils 
showed  that  the  addition  of  water  to  air-dry  soil  was  the  primary  factor  in 
promoting  aggregation  and  that  bacterial  nuabers  probably  played  a  secondary 
role. 

That  soil  aggregates  Bay  have  a  marked  influence  upon  water  movement  in 
the  soil  was  shown  by  Lsomer  (1942)  who,  in  a  study  of  the  effect  of  artifl- 


cial  aggregates  on  moisture  movements,  states: 

as  long  as  evaporation  does  not  take  place  more  rapidly  than  cap- 
illary conductivity  can  replace  the  water  lost  from  the  surface  of 
the  soil,  the  moisture  content  of  the  interior  of  the  soil  mass 
will  continue  to  decrease  ...  Thus  with  slow  evaporation  rates 
such  as  arc  found  under  some  types  of  mulches  or  in  very  humid 
weather,  the  moisture  content  of  the  soil  may  be  reduced  to  a  rather 
low  level  by  evaporation  directly  from  the  surface.  Under  condi- 
tions favoring  rapid  evaporation,  the  rate  of  liquid  movement  may 
be  exceeded  at  a  considerably  higher  moisture  content. 

This  would  mean  that  when  evaporation  rates  are  high  and  the  capillary  contact 
is  broken,  a  higher  moisture  content  is  maintained  than  in  oases  where  cap- 
illary contact  is  not  broken. 

Peterson  (1943),  after  treating  samples  from  the  Ti  horison  of  certain 
soils  with  cornstalks,  alfalfa,  or  sucrose,  puddled  the  soil  and  subjected  it 
to  wetting  and  drying,  sterilised  and  unsterilised  samples  were  studied. 
Aggregates  were  determined  by  direct  counting  methods,  tn  general,  if  the 
soils  were  sterilised,  aggregates  greater  than  0.1  mm.  were  not  changed  in 
number  by  the  addition  of  5  tons  per  acre  of  cornstalks,  alfalfa,  or  sucrose. 
With  sone  exceptions,  similarly  treated  soil, when  puddled  but  not  sterilized, 
gave  similar  results. 

Carbon  and  Nitrogen  Content  of  the  Soil 

Carbon  and  nitrogen  content  of  the  soil  have  been  shown  by  many  workers 
to  influence  the  fertility  of  the  soil  as  Hell  as  the  state  of  aggregation. 

From  the  results  of  60  years  of  cultivation  In  Missouri,  Jenny  (1933) 
has  shown  that  there  is  a  35-percent  dearease  in  total  nitrogen  and  a  38- 
peroent  decrease  In  organic  matter  on  non-orrosive  soils.  He  suggests  that 
since  the  curve  of  decrease  of  nitrogen  and  organic  matter  tends  to  level 
off,  levels  reached  after  an  Initial  period  of  cultivation  may  be  maintained 
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only  by  the  use  of  rotation  with  manure  or  crop  residua. 

Baker  (1937),  In  a  stud/  of  corner  crops  in  orcharding,  concluded  that 
rye  was  the  best  of  7  orope  tried  In  maintaining  total  nitrogen  content  of 
the  soil,  but  even  in  this  ease  when  all  residues  were  returned,  a  20-per- 
cent loss  in  total  nitrogen  was  observed  our  a  23-year  period. 

In  a  study  of  central   and  western  Kansas  soils,  Sewoll  and  Qainey  (1932) 
have  shown  that  a  narked  decrease  in  the  loss  of  carbon  and  nitrogen  was 
brought  about  by-  the  addition  of  organic  natter  to  the  soil.     They  concluded 
that  such  additions  nay  also  give  protection  against  blowing,  but  point  out 
that  incorporating  of  straw  should  be  at  such  a  tine  that  it  will  be  least 
injurious  to  the  crop.     This  would  be  as  soon  as  possible  after  crop  reooval. 

Motsger  (1939)  showed  that  continuous  cultivation  widens  the  oarbon- 
nitrogen  ratio  of  soils  under  certain  cropping  practices.     The  surplus  of 
carbon  in  treated  over  untreated  plots  could  be  accounted  for  by  the  return 
of  crop  residues  to  the  fcrner.     Much  or  all  of  the  nitrogen  surplus  could 
be  accounted  for  in  like  manner. 

Salter  and  Oreen  (1933)  concluded  from  study  o  f  the  carbon  and  nitrogen 
on  plots  which  had  been  continuously  cropped  for  32  years  that  the  crop  yield 
was  positively  correlated  with  the  carbon  and  nitrogen  content  of  the  soil. 

Albreoht  (1936)  concluded  that  when  red  clover  was  added  to  surface  soil 
a  greater  lnareasa  In  surface  nitrogen  resulted  than  when  the  sane  was  Incor- 
porated within  the  soil.  Plowing  led  to  rapid  decomposition  and  the  nitrogen 
was  nore  susceptible  to  leachin :. 

Hide  and  netager  (1939)  pointed  out  that  a  poorly  aggregated  fraction  of 
soil  contained  leas  carbon  and  less  nitrogen  than  a  well  aggregated  fraction. 
The  percentage  of  carbon  was  relatively  lower  than  the  percentage  of  nitrogen. 
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This  resulted  In  a  narrower  carboiwiitrogen  ratio  in  the  poorly  aggregated 
fraction. 

A  higher  content  of  carbon  and  nitrogen  in  the  well  aggregated  fraction 
than  in  the  poorly  aggregited  fraction  of  soils  was  also  demonstrated  by 
Weldon  and  Hide  (1942).  They  further  allowed  that  the  sesquioxides  of  iron 
and  aluminum  were  present  to  a  far  greater  extent  in  the  well  aggregated 
fraction  than  in  the  poorly  aggregated  fraction. 

A  highly  significant  correlation  between  the  state  of  aggregation  and 
the  amount  of  carbon  and  nitrogen  In  the  soil  was  pointed  out  by  Aclcerman 
and  ltyers  (1943)-  They  concluded  that,  as  far  as  aggregate  formation  Is 
concerned,  the  ratio  of  carbon  to  nitrogen  is  not  as  important  as  the  total 
amount  of  organic  carbon  present. 

Utrate  Accumulation 

JUtra'^e  acoui.iuliitlon  in  the  soil  Is  a  process  relegated  primarily  to  the 
nitrifying  and  ammonifying  species  of  soil  organisms.  Their  aotlTity  depends, 
in  turn,  upon  the  readily  available  carbon  and  nitrogen  of  the  soil.  Nitrate 
accuBulHtlon  exerts  a  marked  influence  upon  crop  yields,  extent  of  corer,  and 
protein  content  of  cereals.  Cultural  practices  hare  been  so  designed  as  to 
afford  an  accumulation  of  nitrate  following  the  incorporation  of  residue  in 
the  surface  soil. 

Albrecht  and  Uhland  (1925)  demonstrated  that  straw  mulch  depressed 
nitrate  accumulation,  Increased  soil  moisture,  and  reduced  air  space  and  soil 
temperature  below  that  of  unraulched  plowed  soil.  Mulch  brought  on  changes  in 
soil  structure  which  resulted  In  less  granulation  and  poorer  tilth,  Amnonia 
eccunuli'tion  was  higher  under  mulched  soils. 
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Qainey  (1920)  pointed  out  that  over  a  period  of  5  years  such  practices 
as  disking  at  seeding  tine  accumulated  over  U  tines  as  much  organic  natter 
in  tho  0  to  3-inch  layer  as  accumulated  in  the  corresponding  layer  In  soil 
which  had  been  deep  plowed.    Uhen  the  land  was  plowed  the  organic  natter  was 
uniformly  distributed  throughout  the  plowed  layer,  but  when  the  soil  was 
disked  it  was  6  times  greater  in  the  surface  layer  than  in  the  U  to  7- inch 
layer.     Si  has  shown  that  the  low  nitrate  aocurtulation  In  soils  from  con- 
tinuously disked  plots  was  not  due  to  a  lack  of  nitrifying  nioroflora,  alnoe 
under  laboratory  conditions  such  soils  gained  as  ouch,  or  more,  nitrate  than 
slnllar  soils  wlileh  had  been  plowed. 

Call  (1914)  presented  evidence  to  show  that  soil  cultivation  practices 
which  leave  cover  or  residue  on  the  surface,  such  as  disking,  lead  to  lower 
nitrate  accumulation  and  lower  yields  when  compared  with  the  practice  of 
plowing.     Graphs  were  also  presented  which  indicate  a  i;reatar  dependence  of 
yield  upon  nitrate  aacunulation  than  upon  moisture  accumulation. 

Lill  (1910)  has  pointed  out  that  the  rapidity  of  production  and  accunu- 
latlon  of  nitrate  depend  to  a  large  extent  on  the  noisture  present.     Graphs 
are  presented  which  show  that  nitrate  foraation  declines  after  soil  noisture 
reaches  25  to  30  percent. 

Sewall  and  Qainey  (1932)  concluded  that  of  3  nethoda  studied,  naoely, 
cultivation— 6  indies,  cultivation— 3  inches,  and  uncultivated,  the  first 
was  by  far  the  bast  as  far  as  nitrate  accumulation  between  harvest  and  seed- 
ing tine  were  concerned. 

Salter  (1931)  has  shown  that  when  materials  with  a, wide  carbon-nitrogen 
ratio  are  added  to  the  soil,  no  nitrate  la  released  until  a  ratio  of  approx- 
imately 10-1  is  reached.     Since  straw  has  a  wide  carbon-nitrogen  ratio,  no 
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nitrate  will  be  released  from  the  organic  natter  until  extensive  decomposi- 
tion has  taken  place. 

titrate  was  found  to  move  freely  with  raoisture  movements  by  Krantz  and 
Scaraoth  (194.3)  in  their  investigations  of  soils.     Uroughty  conditions  re- 
sulted in  nitrate  accumulation  near  the  surface  due  to  upward  raovenent  of 
water. 

Scott  (1921)  has  shorn  that,  of  several  treatments  used,  surface  appli- 
cations of  straw  at  4  tons  per  acre  resulted  in  lowest  nitrate  content,  lowest 
temperature,  and  highest  raoisture  content  throughout  the  suraier  months,  but  a 
sinilur  application  of  2  tons  per  acre  resulted  in  fairly  large  accumulations 
of  nitrates  bj  the  end  of  sunser.     Uhen  the  strew  was  Incorporated,  4  tons 
per  sere  resulted  in  decreased  nitrate  accumulation  the  following  spring,  bat 
a  total  nitrate  content  equal  to  the  untreated  plots  was  found  during  the 
sunn.ir.     The  incorporation  of  2  tons  of  straw  did  not  affect  the  nitrate  ac- 
ounulatlon  at  either  season. 

Soil  Mlcroorganio  Population 

The  role  of  ndoroorganians  in  maintaining  or  increasing  soil  fertility 
has  been  the  subject  of  extensive  reseuroh.     Little  Is  known  about  the  in- 
fluence of  nlcroorganisnts  on  tho  development  of  soil  struoture. 

McCalla  and  Duley  (1943)  found  that  only  50  percent  of  a  4-ton  applica- 
tion of  straw  had  decomposed  after  a  6-nonths  period  In  contact  with  surface 
soil.     Thay  concluded  that  if  nutrients  were  needed  by  the  crop,   they 
could  be  made  available  Eiore  rapidly  by  incorporation  of  residue.     Scott 
(1921)  has  shown  that  nutrients  become  available  if  sufficient  tlas  ie  al- 
lowed. 
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In  working  with  various  genetic  Boll  types  containing  different  amounts 
of  organic  natter,  Vandeoaveye  and  Katinelson  (1940)  concluded  that  there 
was  no  significant  relation  existing  between  the  total  content  of  nullified 
organic  natter  in  the  soil  and  the  microbial  numbers  supported  by  it.  In 
general,  they  found  that  differences  in  the  composition  of  hunus  in  the  var- 
ious  genetic  soil  types  corresponded  broadly  to  the  actifity  of  certain 
microbial  groups.  The  nature  of  the  hunus  had  oore  effect  on  the  prevailing 
species  than  upon  total  numbers. 

Kanivots  and  Kbrneeva  (1937)  concluded  that  soils  "contaminated"  with 
Asotobaoter  and  Trlchoderaa  had  a  water  resistance  2  to  2.5  times  that  of 
■oils  not  containing  these  organisms.  They  believed  that  the  biochemical 
processes  resulting  fron  such  "contamination"  had  a  favorable  effeot  on  the 
structural  strength  of  the  soil. 

Martin  and  Baksman  (1940)  used  artificial  soils  plus  amendments  and 
natural  soils  plus  amendments  to  study  the  influence  of  microorganisms  on 
binding  of  soil  particles.  They  concluded  that  binding  of  the  particles  de- 
pended upon  the  nature  of  the  microorganism,  amount  of  growth,  and  nature  of 
the  substrate.  Jtore  thorough  binding  was  observed  in  oases  of  nore  rapid 
deconpositlon.  Ir.  general,  the  dry  soils  contained  more  bound  material  than 
did  the  wet  soils.  The  effects  discussed  are  mainly  those  produced  by  fungi 
and  Aiotobacter  indloun.  This  latter  was  noted  to  produce  large  amounts  of 
"slimy"  material. 

winogradskl  and  Ziemiecka  (1927)  have  reviewed  the  work  of  Oainey  and 
again  point  out  that  Asotobaotor  aro  usutlly  absent  in  soils  with  a  pH  less 
than  6.0. 

Ijron  and  Buckman  (1937)  point  out  that  the  average  pH  of  a  represent*- 
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tivo  acid  mineral  soil  la  about  5.6.     Sines  the  pedalfers  in  general,  fall 
into  this  classification,  the  Influence  of  Asotobacter  in  these  soils  would 
bo  negligible. 

Poole  (19^0)  used  mucilaginous  substances  produced  by  microorganisms  on 
artificial  media  as  a  binding  material  to  produce  artificial  aggregates  In 
puddled  soils.     These  aggregates  showed  high  resistance  to  wetting  and  ex- 
treme stability.     "Tien  sucrose  was  used  as  an  amendment  in  sterile  soils  and 
the  soils  inoculated,  a  similar  binding  action  was  observed.     Peele  con- 
cluded that  fungi  were  more  effective  than  bacteria  In  aggregate  production. 

Although  It  is  a  well  known  fact  that  many  species  of  organisms  when 
grown  on  artificial  media  produce  lurge  amounts  of  mucilaginous  substances, 
gums,  or  "slimy"  substances,  production  of  large  volumes  of  this  material  in 
the  soil  is  open  to  question. 

In  studying  the  binding  effect  of  organisms  on  the  soil  fraction  less 
than  50  microtis  in  diameter,  Jiartin  and  sakaman  (1941)  concluded  that  a  higher 
percentage  of  such  fraction  was  bound  in  the  presence  of  casein  than  in  the 
presence  of  lignin  or  in  the  control.     Aspergillus  nlger  in  the  presence  of 
alfalfa,  manure,  and  peat  amendments  gave  slightly  less  aggregation  than  in 
the  presence  of  casein.     They  concluded  that  in  the  early  stages  of  decomposi- 
tion, products  released,  such  as  gums,  exerted  the  greatest  binding  effect, 
but  in  later  stages  the  greatest  binding  effect  was  of  a  physioochenical 
nature.     Greatest  differences  in  number  of  particles  bound  were  observed  when 
ground  alfalfa  was  used  in  the  presence  of  A^  nlger  or  a  soil  suspension. 

Kanivets  (1939)  demonstrated  that  "contaminating"   the  soil  with 
rrlohoderas   lignorem  increased  the  "textural"  strength  and  moisture  content 
and  Improved  nutritional  conditions.     T^  lignorem  also  exerted  a  favorable 
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influence  on  Aaotobacter.  Aspergillus  nlger  was  shown  to  Intensify  ths  af- 
fect when  added  with  T^  lignoren. 

Using  the  pipette  nethod  for  aggregate  analysis,  Haksman  and  Hartin 
(1939)  pointed  out  the  favorable  effeot  of  microorganisms  on  aggregation  of 
soil  particles.  3oll  infusion,  cultures  of  Aspergillus  nlgor,  Trichodenaa 
plus  PeniclllUB,  and  Bacterium  fluoresoens  were  used.  Soil  Infusion  exerted 
the  greatest  effeot,  but  this  was  only  about  two  tines  that  of  A.  nlger. 
Bact.  fluoresoona  had  the  least  effeot  on  binding  soil  particles. 

Kanivats,  Korneeva,  and  !*>rachkorskil  (1940)  concluded  that  the  quantity 
of  soil  aggregates  resistant  to  water  increased  if  the  soil  wa3  composted  and 
inoculated  with  T.  lignoren  and  A.  nlger. 

JfcColla  (1943)  worked  with  aggregates  from  soil  to  which  sucrose  had 
been  added.  He  concluded  that  the  increased  resistance  of  the  aggregates  to 
wetting  and  their  greatly  increased  resistance  to  destruction  by  falling 
water  drops  was  primarily  due  to  the  presence  of  fungal  myoella. 

That  molds  had  a  narked  influence  on  the  state  of  aggregation  was  shown 
by  Hartin  and  Anderson  (1943).  They  suggested  that  tlwse  molds  which  de- 
veloped last  In  the  cycle  of  decomposition  exerted  the  greatest  effect  on 
state  of  aggregation. 

Cultural  Practices  and  Yield 

The  1'iaediata  ocononic  aspect  of  a  process  is  of  primary  inportanco  to 
its  practical  application.  If  yields  nust  be  sacrificed  for  soil  conserva- 
tion b>-  any  nethod  suggested,  it  will  be  difficult  to  have  that  recommenda- 
tion adopted  by  the  person  who  depends  for  his  livelihood  upon  orop  returns. 

Sewell  and  Call  (1925)  have  presented  data  to  show  that  yields  in  the 
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area  of  Manhattan  are  nore  dependant  upon  nitrate  accumulation  ut  seeding 
tine  than  upon  soil  raoisture.  The  trentnent,  late  preparation  by  disking  at 
seeding  tine,  reduced  the  ylold  to  about  one-fourth  of  that  resulting  fron 
deep  plowing.  They  concluded  tliat  plowing  la  nooessary  for  reasons  other 
than  weed  oontrol.  The  practice  of  disking  at  aoertlnj;  tire  as  a  raeans  of 
seedbed  preparation  Is  quite  oonparable  to  subsurface  tillage  in  that  much 
residue  is  left  at  the  surface. 

Working  on  nitrogen  spots  In  wheut  fields,  Qalney  and  Sewell  (1932) 
found  that  these  spot.'i  were  aauorcpanied  by  a  higher  total  nitrogen  of  the 
soil,  higher  nitrate  content  of  the  soil,  higher  percentage  nitrogen  of  the 
growing  plant,  higher  nitrogen  absorption  by  the  plant,  higher  yield  of  grain 
and  higher  protein  content  of  grain. 

Browning,  Morton,  and  Shedd  (1943)  In  working  with  subsurface  cultiva- 
tion concluded  that,  in  general,  subsurfaoe  cultivators  and  sweup  attach- 
nents  tbr  listers  under  the  conditions  of  the  experiraont  were  not  an  entirely 
satisfactory  means  of  cultivation.  They  encountered  greater  difficulty  in 
weed  control,  unfavorable  nutritional  conditions  during  growing  soasons,  and 
lower  yields. 

Three  years'  study  hus  led  Van  Doren  and  Stauffer  (1943)  to  the  conclu- 
sion that  surface  mulches  decrease  runoff  and  erosion  and  crop  yield,  but 
result  in  a  slight  increase  in  the  state  of  aggregation. 

It  is  quite  generally  agreed  that  increased  carbon  and  nitrogen  tend  to 
lnprove  soil  structure.  There  is  little  doubt  that  the  Incorporation  of  crop 
residues  results  in  increased  nitrate  content  of  the  soils  and  that  crop 
yields  in  this  area  are  dependent  to  a  greater  extent  upon  the  nitrate  con- 
tent of  the  soil  at  seeding  time  than  upon  the  noisture  content.  This  does 
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not  necessarily  hold  for  the  drier  sections  of  the  Kiddle  West.     It  Is  also 
evident  from  the  literature  that  the  effect  of  soil  microorganisms  upon  the 
state  of  aggregation  seens  to  be  confined  more  to  the  fungi  and  fungal-like 
species  than  to  the  true  bacteria.     Most  of  the  studies  have  been  made  in 
the  laboratory,     lfeay  antmdments  such  as  casein  and  sucrose  with  applications 
up  to  50  tons  per  acre  cannot  feasibly  bo  duplicated  in  the  field.     The 
literature  contains  little  information  on  the  relation  of  the  state  of  aggre- 
gation of  field  soils  t<>  the  microbiological  population.     The  short  duration 
of  all  experiments  with  subsurface  tillage  should  also  be  pointed  out. 
Many  effects,  and  especially  those  associated  with  the  carbon  content  of  the 
soil,  as  the  state  of  aggregation,   nitrate  accumulation,   crop  yields,  etc., 
cannot  be  Justly  evaluated  in  a  period  of  3  or  4  years. 

DESIGN  OF  EXFERUOOff 

In  the  sumner  of  1942,  12  plots  were  laid  out  at  the  Agronomy  Farm, 
Kansas  Agricultural  Experiment  Station,  in  such  a  nanner  that  the  length  of 
the  plot  followed  the  slops  of  an  area,   the  mean  grade  of  ltiioh  wae  about  6 
percent.     The  plots  were  60  feet  in  length  and  24.2  feet  In  width;  they  were 
separated  by  15-foot  alleys  to  facilitate  individual  cultivation  and  treat- 
ment.    The  soil  type  of  the  area  Is  Oeary  silt  loam.     It  was  under  cultiva- 
tion in  1909  when  the  fana  was  purchased  and  has  since  been  planted  to  such 
crops  as  wheat,  corn,  alfalfa,  soybeans,  and  oats.     Oats  had  been  planted 
in  the  spring  of  1942. 

Three  groups  of  4  plots  each  allowed  the  treatments  to  be  applied  la 
triplicate.     Bach  group  contained  1  continuously  plowed  plot,  1  continu- 
ously subtilled  plot,  1  alternately  plowed  and  subtiUed  plot,  and  1  alter- 
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nately  subtilled  and  plowed  plot. 

All  plots  were  assigned  in  a  random  nanner,  and  plots  1  and  2,  and  5 
and  6  vers  chosen  as  plots  for  runoff  and  erosion  studies.     In  the  fall  of 
1943  these  plots  were  bordered  with  1  x  8-inch  fir  which  had  been  treated 
with  creosote.     The  lower  ends  of  the  plots  wore  fitted  with  collector  de- 
vices which  in  turn  guided  the  runoff  and  eroded  soil  Into  a  collector  tube 
at  the  center  bottom  of  the  plots,     the  area  is  pictured  in  Plate  I. 

A  34-foot  collector  tile  was  laid  with  a  1-percent  slope  In  such  a 
Banner  that  a  set  of  barrels  could  be  placed  at  its  emergence  for  collection 
and  neasurecent  of  runoff  water  and  eroded  soil.     All  eroded  material  was  to 
be  collected  in  the  first  barrel  and  all  water  was  to  pass  through  the  sane. 
Dividers  were  then  installed  so  that  the  seoond  barrel  would  collect  l/ll 
of  the  runoff  and  1/55  would  be  collected  in  the  third  barrel.     This  ar- 
rangement is  shown  in  Plate  TX.     m  this  way  about  8  surface  inches  of  run- 
off could  be  measured. 

A  recording  rain  gauge  was  Installed  to  r.easure  tine  and  extent  of  rain- 
fall.    The  entire  area  wag  seeded  to  Pawner  wheat  In  the  falls  of  1943  and 
1943. 

MATERIALS  AKD  METHODS 

Physical  Studies 

Moisture  samples  were  taken  to  a  depth  of  6  feet  in  the  summer  of  1942 
and  thereafter  to  a  depth  of  5  feet.     In  the  first  foot,  samples  representing 
the  0  to  6-inch  and  the  6  to  12-inch  layer  were  taken  individually;   the  other 
samples  we  -e  taken  in  1-foot  sections  to  the  desired  depth.     These  samples 
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PLATE  I 


EXPLHttTION  OF  PLATE  II 

Arrangenent  of  barrels  and  dividers 
for  collecting  and  Measuring  runoff. 
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were  taken  with  a  7/8-inoh  sampling  tube.     The  last  4  feet  of  sample  ware 
taken  out  in  2  sections  of  2  feet  each  and  divided  to  give  the  desired 
1-foot  lengths.     Three  holes  were  driven  per  l/30-acre  plot;  the  samples  at 
corresponding  depths  ware  oombined,  plaoed  in  soil  cans,  weighed,  dried  at 
110°  C.  for  48  hours,  and  the  percent  noiature  calculated  on  dry-weight  basis. 
Plots  were  sar.pled  at  harvest  and  at  seeding  tine. 

Itolature  equivalents  were  determined  by  the  method  of  Briggs  and  UoLane 
(191//)  for  the  soil  layers  at  the  7  sampling  depths,     taisuire  present  has 
been  calculated  and  reported  as  relative  wetness  or  U,  where 
li  ■  moisture/moisture  equivalent.     It  has  the  advantage  of  being  "corrected* 
for  soil  texture  and  allows  comparisons  to  be  Bade  between  horlsona. 

Samples  for  aggregate  analysis  were  taken  with  a  6-inch  sampling  tuba. 
Plots  were  sampled  to  a  depth  of  6  inches  about  once  a  month  when  soil  condi- 
tions permitted.     Three  sanples  were  takun  at  random  per  plot.     Since  it  was 
often  impossible  to  take  and  run  samples  from  all  12  plots  in  1  day,  determi- 
nations were  made  in  suoh  a  way  that  a  set  of  samples  always  included  at 
least  x    ;nup  of  the  4  different  treatments  being  applied.     The  6-inoh  cores 
were  plaoed  in  heavy  paper  sacks  and  taken  immediately  to  the  laboratory 
where  they  were  passed  through  a  1/2-inch  mesh  screen.     Aggregates  were 
washed  from  a  100-gram  representative  sample.     The  method  used  was  similar 
to  that  used  by  Myers  and  McCalla  (1941)  except  that  the  samples  were  run 
at  field  moisture  content  and  were  allowed  neither  to  dry  nor  to  slake. 
They  were  washed  for  15  minutes  in  distilled  water.     The  rate  of  submersion 
was  22  times  per  minute.     The  aggregated  fraction  was  that  fraction  remain- 
ing on  the  sieves  at  the  end  of  the  period  of  washing.     These  aggregates 
ware  washed  into  weighed  beakers  with  distilled  water,  evaporated  to  dryness 
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on  the  steam  bath,  and  the  percentage  aggregation  calculated  on  the  dry- 
weight  basis.     The  percent  aggregates  of  3  sizes,  namely,  greater  than  4  ran., 
greater  than  2  mm.  but  less  than  4  mm. ,  and  greatar  than  0.105  mm.  but  less 
than  2  in. ,  were  coablned  to  give  the  total  state  of  aggregation.     The  un- 
abrogated fraction  consisted  of  that  material  less  than  0.105  am.  in  diam- 
eter which  passed  through  the  sieres. 

The  plots  were  plowed  or  subtilled  as  soon  as  the  crop  had  been  harvest- 
ed and  moisture  samples  had  been  taken.     In  the  summer  of  1942  this  was  about 
July  25,  and  in  the  sunnier  of  1943  it  was  about  July  15.     The  plowed  and 
alternately  plowed  plots  received  only  disking  to  control  weeds  until  just 
prior  to  planting,  when  they  were  disked  and  harrowed.     The  subtilled  plots 
were  worked  with  sweeps  attached  to  a  2-row  lister)  the  plots  were  subtilled 
as  needed  for  weed  oontnol  and  seed  planted  in  the  stubble  that  remained  at 
seeding  time  without  further  working  of  the  plots.     Considerable  difficulty 
was  encountered  with  the  sweep  attachment  since  surface  cover  tended  to 
collect  in  front  of  the  sweeps.     It  was  almost  impossible  to  keep  the  blades 
at  a  constant  depth.     More  volunteer  was  encountered  on  the  subtilled  plots 
than  on  the  plowed  plots. 

Besldue  returned  to  the  surface  wae  calculated  by  sampling  at  random  5 
areas  per  plot  of  3  square  feet  each.     All  residue  was  removed  from  this  area 
and  dried  in  the  oven  at  85    C.  for  48  hours.     The  samples  were  than  weighed 
and  the  total  residue  calculated  as  pounds  per  acre.     The  same  samples  were 
then  ground  in  a  Ifiley  mill  and  a  1-gram  representative  sample  Ignited  In 
a  muffle  furnace.     The  difference  In  weight  was  used  as  a  measure  of  the 
volatile  material  turned  under  in  plowing  or  left  on  the  surface  of  the  sub- 
tilled  plots. 


Microbiological  Studies 

A  microbial  analysis  was  mads  on  the  aggregated  and  unaggregated  frac- 
tions. Jour  groups  of  organisms  were  included  in  the  analysis;  these  were 
(1)  totals  organism,  (2)  fungi,  (3)  anaerobes,  and  (A)   actinomyces.  The 
total  organisBs  ware  counted  as  all  of  those  organism  which  had  developed 
on  "totals"  media  at  the  and  of  7  days]  fungi  ware  those  which  had  developed 
on  "fungi"  media  in  the  sane  period  of  Una;  anaerobes  ware  counted  as  all 
of  those  organisms  developing  on  "totals"  media  when  incubated  under 
anaerobic  conditions)  actinomyces  were  counted  as  those  dry,  hard,  powdery, 
slightly  raised  colonies  showing  evidence  of  short  aerial  hyphae  whioh  de- 
veloped on  "totals"  nsdia.  The  media  used  ware  those  used  by  3tumbo,  Oainay, 
and  Clark  (1942). 

All  plates  were  Incubated  at  28°  C.  The  anaerobic  plates  were  placed 
in  large  desiccators  having  stopcocks  fitted  in  the  lids  to  facilitate  later 
ranoval,  sealed  with  "tabroseal,"  and  anaerobic  conditions  obtained  through 
the  use  of  a  sodlun  hydroxlde-pyrogalllc  add  ixixture.  A  plate  of  Aiotobaotar 
chroocoocum  on  nannito  nsdia  was  included  in  each  desiccator  as  an  indicator. 
No  growth  of  Aj_  ohrooooocuB  was  obtained  in  any  of  the  experiments. 

Aggregates  for  microbial  analysis  were  separated  by  the  nothod  described 
above  froa  100  grans  of  fresh  soil.  The  3  fractions  were  combined  and  a 
aolsture  sample  removed;  20  grass  of  the  remainder  were  washed  into  a  dilution 
flask  with  20  oc.  of  sterile,  distilled  water.  The  samples  ware  shaken  for 
10  minutes  with  glass  beads  to  break  down  the  aggregates. 

The  unasgregated  fraction  which  had  been  washed  with  12  liters  of  die- 
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tilled  water  was  mixed  by  a  specially  constructed,  electrically-driven  stir- 
ring rod  for  10  minutes,  at  the  end  of  which  tine  three  10-cc.   saaplea  were 
taken.     One  of  these  was  placed  in  a  dilution  flask;  the  other  2  were  dis- 
charged into  weighed  evaporating  dishes.     These  later  were  evaporated  to 
dryness  at  110°  G.     The  weight  of  the  unaggregated  fraction  per  10  oc.  was 
used  in  the  calculation  of  organisms  per  gram  of  unaggregated  material. 
Since  this  technique  and  equipment  had  not  been  used  before,  a  rather  exten- 
sive study  was  made  of  its  use. 

All  operations  involved  In  handling  those  aggregated  fractions  and  un- 
aggregated fractions  were  carried  out  under  aa  nearly  aseptic  conditions  as 
possible)  flame  was  used  to  sterilize  weighing  dishes,  spatulas,  etc.     Since 
it  was  impractical  to  sterilise  the  great  volume  of  water  required  for  wash- 
ing aggregates,  a  sample  of  wash  water  was  plated  for  every  determination. 
It  was  found  that  no  fungi  developed  in  a  1-10  dilution,  and  the  number  of 
"totals"  developing  In  the  1-100  dilution  amounted  to  only  1  x  10~7  of  the 
calculated  total  count.     Hence  the  counts  recorded  were  not  corrected  for 
wash  water. 

Chemical  Studies 

hitrates  were  determined  by  Harper's  phenoldlsulphonio  add  method  as 
outlined  by  Wright  (1934).     Ten  samples  were  taken  per  plot  at  depths  of 
0  to  3>  3  to  6,  and  6  to  12  inches.     The  samples  from  corresponding  depths 
were  combined  for  any  1  plot  and  duplicate  analysis  made  on  the  composited 


Total  nitrogen  was  determined  using  the  Ounning-Hibbard  method  as  out- 
lined in  Association  of  Official  Agricultural  Onanists  (193$)  except  that 
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the  distillate  was  absorbed  by  4-percent  boric  acid  solution  and  the  ammonia 
titrated  with  standard  sulphuric  acli,  using  bran  cresol  green  and  methyl 
red  as  an  indicator. 

Allison's   (1935)  modification  of  Sholenberg's  method  was  used  for  carbon 
determinations.     All  carbon  and  nitrogen  aanples  ware  passed  through  a  100- 
aesh  screen  before  analysis.     In  the  carbon  and  nitrogen  analysis  of  the  ag- 
gregated and  unaggregated  fractions,  only  1  sample  could  be  taken  per  wash- 
ing! this  was  divided  and  duplicate  determinations  made. 

Method  of  Sampling  the  Unaggregated  Fraction 

The  stirring  rod  used  for  nixing  the  samples  was  tubular  in  shape  and 
constructed  in  such  a  way  that  the  soil  suspension  was  thrown  to  the  inside 
of  a  rotating  tubs  by  wings  and  out  at  the  bottom.     Known  weights  of  the  un- 
aggregated fraction  of  a  soil  were  placed  in  the  wash  Jar  and  mixed  for  10 
minutes.     Samples  were  removed  1  am.  from  the  wall  of  the  Jar  and  2  an.  from 
the  stirring  rod;  6  different  depths  of  sampling  were  tested.     Those  samples 
removed  at  a  depth  of  24  cm.,  1  em.  from  the  jar  wall,  gave  significantly 
higher  weights  of  suspension  than  samples  taken  at  other  positions. 

Then  45.06  grams  of  oven-dry,  unaggregated  soil  was  mixed  and  sampled 
by  the  above  method,  the  weitfit  of  sample  at  a  depth  of  24  cm.  involved  an 
error  of  1.6  percent  (±0.8).     The  depth  of  sampling  was  chosen  as  24  cm., 
and  til  samples  for  bacterid  analysis  were  taken  in  that  position. 

It  is  possible  that  the  position  of  sampling  found  to  be  best  in  this 
study  might  vary  with  the  soil  texture.     A  study  of  sampling  position 
similar  to  that  outlined  should  be  made  for  each  type  of  soil  used. 

After  the  unaggregated  fraction  had  been  washed  from  a  soil  sample,  a 
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teat  of  ability  to  replicate  sanples  by  the  above  technique  was  made.  Re- 
sults are  recorded  in  Tabic  2.  The  F  value  for  duplicates  (0.496)  la  far 
from  being  significant,  hence  sampling  values  could  be  readily  duplicated. 
The  table  also  shows  froia  the  highly  significant  F  value  for  dave/error  a 
definite  difference  in  state  of  unaggregatlon  for  the  sampling  dates  given. 

In  connection  with  Table  1,  it  should  be  noted  that  there  is  an  in- 
crease in  unabrogated  material  within  the  replicatiojis  under  the  same  date, 
particularly  for  the  dates  May  3  and  May  5.  This  increase  in  the  unaggre- 
gated  fraction  or  decrease  in  the  state  of  aggregation  was  noticed  when  at- 
tempts were  nade  to  replicate  samples.  It  will  be  dealt  with  at  further 
length  under  "State  of  Aggregation." 

Table  1.  Data  relative  to  the  reliability  of  the  method  used  for 
securing  r.  sample  of  the  unaggregated  fraction. 


Sampling 

Weight  of 

unaggregated  material  in  designated  samples 

date 

1 

2 

3 

4 

1943 
Hay  1 

a 
b 

41.61 
42.8 

42.3 
44.1 

42.8 
43.1 

42.3 
45.4 

Sua 

<U.4 

86.4 

85.9 

87.7 

May3 

a 
b 

24.9 
21.7 

40.5 
37.3 

40.6 
39.0 

39.7 
39.7 

tm 

46.6 

77.8 

79.6 

79.4 

May  5 

a 
b 

19-4 
20.3 

25.2 
26.6 

37.2 
38.5 

35.4 
37.9 

ft. 

39.7 

51.8 

75.7 

73.7 

^Weights  in  br.  per  10  oc.  of  suspension. 


Table  2.  Analysis  of  variance  of  data  in  Table  1. 


Source  of  variance 

d.f. 

Sub  of  squares 

Variance 

F 

Duplicates 

1 

o.au 

0.844 

0.496 

Sampling  date 

11 

1521.41 

138.31 

81.36** 

Error 

11 

18.70 

1.70 

Total 

23 

*»Highly  aijTnificant. 

EXFERIHKKTAL  DATA 
Surface  Cover 

Surface  cover  was  sampled  as  previously  outlined  and  calculated  as 
pounds  per  acre.  The  results  are  recorded  in  Table  3*  It  should  be  noted 
that  in  July  of  1942  no  treataent  had  been  applied.  The  initial  crop  had 
been  oats,  and  since  the  crop  was  bound  and  removed  fron  the  field,  the 
weights  of  cover  are  considerably  less  than  those  for  1943  when  the  plots 
were  combined  and  all  residues  returned  to  the  surface.  In  July  of  1942 
the  plots  are  essentially  the  sane  as  far  as  surface  cover  is  concerned. 

Plowing  effectively  turned  under  about  83  percent  of  the  total  surface 
cover  as  shown  by  October  saaples,  whereas  under  subtillage  treataent  about 
49  percent  of  the  total  surface  cover  had  disappeared. 

If  volatile  natter  is  considered,  94  percent  had  been  turned  under  by 
plowing,  but  75  percent  had  disappeared  under  subtillage.  Considering  that 
all  material  was  left  on  the  surface  under  subtillage  treatment,  some  leach- 
ing and  decomposition  must  have  taken  place  to  account  for  the  large  decrease 


.  Table  3-    Weight  of  surf 

ace  cove: 
194^ 

t  at  various  dates  in  pounds 

per  aon 
&.'  194! 

». 

July  3 

July  7. 

November 

,  1943 

Flo' 

Flow 

Subtillod 

Flow 

subtill 

■ftow 

Subtilled 

total 

Volatile 

total 

Volatile 

Total 

Volatile 

Total 

Volatile 

Total 

Volatile 

total 

volatile 

i 

1612.8 

1424.7 

105.6 

41.1 

5219.8 

3781.3 

2 

1B22.7 

1633-9 

1246.1 

390.8 

4316.8 

2993-7 

3 

1554.6 

1353-2 

557.4 

226.6 

6487.7 

4743-1 

4 

1290.9 

1129.1 

89.6 

42.9 

5096.3 

3819.2 

5 

1329-3 

1155-9 

431.4 

228.7 

4310.4 

3207.4 

1470.4 

1275.6 

195-2 

105-5 

5142.4 

3792.5 

7 

1179.8 

1026.6 

160.0 

88.1 

5O72.0 

3538.7 

S 

1453.4 

1257.8 

541.4 

270.1 

4775.7 

3647.2 

9 

1286.4 

1058.4 

1331.2 

567.5 

3946.2 

2910.7 

10 

1536.6 

1274.6 

174.7 

66.6 

4613.8 

3081.5 

11 

1433.6 

1099.6 

431.4 

176.9 

4163.2 

3124.1 

12 

1273.6 

993.8 

146.6 

57.3 

4567.7 

3591.6 

Mean 

1394.0 

1187.4 

1488.0 

1259.8 

145-3 

66.9 

756-5 

301.1 

4952.0 

3600.8 

4666.6 

3434.7 

Subtilled-plow  (total) 

86.0 

611.2 

-285-4 

a 

ubtilled-plow  (volatile) 

72.4 

234.2 

-166.1 

In  volatile  material  with  a  relatival;'  snail  decrease  in  total  material  on 
the  surface.  Whether  this  organic  matter  has  been  lost  to  the  atmosphere  in 
the  fom  of  carbon  dioxide  or  whether  subsequent  plowing  will  make  use  of  it 
as  partially  decomposed  organic  Batter  has  not  been  determined.  MsCalla  and 
Holer  (1943)  point  out  a  similar  loss  of  straw  from  subtllled  plots. 

In  1943  the  plowed  plots  yielded  more  straw  than  did  the  subtllled 
plots.  This  is  in  line  with  the  height  of  plant  Measurements  and  yield  data 
recorded  in  Table  29-  An  October  determination  of  surface  cover  was  not  mad* 
in  1943. 

The  1943  differences  in  surface  cover  are  of  interest.  In  1942  the  sub- 
tilled  plots  carried  slightly  more  surface  cover  than  did  the  plowed  plots. 
This  was  reversed  In  1943  with  the  plowed  plots  more  heavily  covered  than  the 
subtllled  plots. 

Drying  Factor  or  D  Ratio 

In  seeking  an  explanation  of  the  great  variability  of  the  state  of  ag- 
gregation encountered  on  all  plots,  and  especially  of  the  reversible  nature 
of  the  state  of  aggregation  when  subtllled  plot  samples  were  cotipared  with 
plowed  plot  samples,  there  was  noted  a  casual  relation  between  the  weather 
conditions  at  sampling  tine  and  the  state  of  aggregation.  The  weather  condi- 
tions which  gave  marked  changes  seemed  to  be  those  associated  with  wetting 
and  drying. 

Some  means  of  expressing  the  above  conditions  was  sought.  Thornthwaite 
(1931)  gives  the  PE  Index  as:  PE  -  ^  llSfP/T-lO)10/9^  where  |*  Is  the  sum- 
mation for  12  months,  115  is  a  constant,  10/9  is  a  power  factor,  and  P  and  T 
are  precipitation  in  inches  and  temperature  in  degrees  Fahrenheit  respec- 
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tlvely,  and  n  la  equal  to  1. 

A  simpler  Deans  of  expressing  conditions  for  short  periods,  for  example 
5  days,  was  sought,  and  sinoe  drying  is  dirootly  proportional  to  temperature 
and  inversely  proportional  to  rainfall,  the  relation  D  ■  T/(R  +  l)waa  used, 
where  T  is  temperature  in  degrees  Fahrenheit  and  K  is  rainfall.  Rainfall  was 
increased  by  unity  in  all  oases  to  obviate  an  infinite  value  of  D  at  R  =  0. 
D  also  has  the  advantage  of  giving  the  value  of  T  directly  when  R  =  Oj  the 
value  of  T  is  entirely  lost  in  Thornthwaite < s  expression  in  that  all  values 
go  to  0  when  P  =  0. 

When  the  D  ratio  was  plotted  for  5-day  periods  against  tine  and  the 
state  of  aggregation  was  superimposed  in  like  manner,  the  relation  which  had 
been  previously  noted  was  indicated.  A  negative  correlation  was  present  in 
all  oases.  This  fact  lias  made  the  D  ratio  useful  in  the  study  of  aggregation. 

Figure  1  shows  the  D  ratio  as  a  monthly  and  yearly  average  based  on  82 
years  of  records,  and  as  monthly  averages  for  the  periods  March,  1942,  to 
December,  1942,  and  January,  19-43,  to  November,  1943- 

It  should  be  noted  in  connection  with  this  study  that  the  months  of 
August,  September,  and  October,  1942,  were  wetter  as  determined  by  D  than 
comparable  months  for  1943;  also  that  July  of  1942  was  mush  drier  than  July 
of  1943.  These  are  important  observations  in  connection  with  soil  moisture 
and  nitrate  accumulation  data. 

The  use  of  D  will  be  dealt  with  under  soil  moisture  and  state  of  aggre- 
gation. 

It  is  recognised  that  the  D  ratio  leaves  much  to  be  desired  as  far  as 
absolute  values  of  drying  or  wetting  are  concerned,  since  it  does  not  take 
into  account  relative  or  absolute  humidity.  However,  it  has  been  shown 
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(ffi.de,  1942)  that  soil  temperatures  of  bare  or  fallowed  soils  In  the  months 
studied  are  greater  than  those  of  the  air  above  the  soil.  So  long  as  the 
surface  Is  wet,  this  would  mean  that  in  the  immediate  surface,  vapor  pressure 
is  higher  than  in  the  atmosphere j  hence  the  condition  would  be  s  drying  one 
in  that  sone.  It  follows  that  whenever  the  temperature  of  a  moist  soil  layer 
is  higher  than  air  temperatures,  conditions  are  those  associated  with  vapor 


Moisture  Accumulation 

The  yoars  1942  and  1943  were  both  slightly  drier  than  average  as  shown 
by  the  D  values  17.0  and  19.6  (Figure  1).  However,  because  of  unusually  wet 
Junes  in  both  years,  the  soil  profile  on  all  plots  to  a  depth  of  5  feet  was 
relatively  moist,  giving  R  values  averaging  about  0.7  for  any  1  depth,  and 
for  thin  reason  no  striking  changes  occurred  during  the  period  studied  as 
far  as  increases  or  decreases  at  a  given  depth  under  different  treatment  was 
concerned. 

Soil  moisture  recorded  as  K,  i.nd  changes  in  soil  moisture  recorded  as 
plus  or  niiiua  R  are  given  in  Table  4  for  all  sampling  depths  and  for  all 
plots.  Plots  4i  7,  and  ID,  which  were  alternately  plowed  in  1942,  sere  sub- 
surfaced  in  1943  after  Jul/  moisture  sanples  had  been  taken.  The  sans  la 
true  for  plots  3,  8,  and  9,  which  had  been  subtlllsd  in  1942  and  were  plowed 
in  1943. 

The  results  of  analysis  of  soil  moisture  data  are  recorded  in  Tables  5 
and  6.  It  will  be  noted  from  Figure  1  that  July  of  1942  was  much  drier  than 
average.  As  a  result,  at  the  time  of  sampling,  the  entire  profile  contained 
the  lowest  amount  of  moisture  encountered  during  the  period  of  study.  The 
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non-aignlf leant  F  value  of  2.57  (Table  6)  la  to  be  expected  since  the  treat- 
ments at  that  tine  had  not  been  applied,  and  the  test  Is  In  the  nature  of  a 
unlfonity  trial. 

Table  6.  Analysis  of  variance  of  data  In  Table  5. 


Date 

Treatment 

Depth 

Treatment.  X  depth 

July  20,  1942 
d.f. 

Sim  of  squares 
Variance 
F1 

3 

0.019 
0.006 
2.57 

5 

0.366 

0.073 

29.64*» 

15 

O.024 
0.002 
0.58 

Sept.  30,  1942 
d.f. 

Sun  of  squares 
Variance 
F 

3 
0.027 
0.009 
2.80* 

5 

0.126 

0.025 

76.99*» 

15 
0.031 
0.002 
0.61 

July  2,  1943 
d.f. 
Sun  of  squares 

Variance 
F 

3 

o.ou 

0.004 
2.06 

5 

0.476 

0.095 

43.66** 

15 
0.018 
0.001 

0.55 

Sept.  23,  1943 
d.f. 

Sun  of  squares 
Variance 

F 

3 
0.019 
0.006 
3.22* 

5 

0.296 

0.059 

29.89** 

15 

0.014 
0.001 
0.50 

If  values  (nean  square/plots  within  treatment  and  depth  mean  square). 
^Significant. 
**Highly  slgnlf leant. 

The  highly  significant  F  value  for  depth  merely  serves  to  emphasise  the 
variation  in  soil  composition  with  depth.  The  profile  development  in  the 
different  plots  was,  however,  relatively  uniform  as  Indicated  by  the  moisture 
equivalents  which  for  the  surface  soil  had  values  of  about  22.5.  The  mois- 
ture equivalent  Increased  to  a  depth  of  about  2  feet  where  the  value  was  31*5 
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and  then  decreased  until  in  the  fifth  foot  it  was  about  24  as  shown  in  Table 
4. 

Of  interest  are  the  two  significant  F  values  for  treatment,  both  oocur- 
ring  in.  Septentoor,  that  is,  shortly  after  treataent.  Fron  the  data  presented 
in  Table  5  it  will  be  seen  that  both  plowed  and  subtilled  plots  had  taken  up 
considerable  aoistura  since  July  but  that  the  subtilled  plots  had  gained  nor* 
aoiatore  than  hod  the  plowed  plots.  Reference  to  Flguro  1  will  show  a  fall- 
ing D  value  fron  July  to  September.  At  this  tins,  then,  the  differences  due 
to  treataent  are  significant  and  subtilled  plots  had  taken  in  a  greater  por- 
tion of  tho  precipitation  received. 

It  would  aeon,  under  the  conditions  encountered,  that  the  value  of 
treataent  is  at  tines  overshadowed  by  other  factors  since  tho  F  value  for 
July  of  1943  is  again  non-significant.     The  growing  crop  itself  from  early 
spring  until  harvest  tine  perhaps  exerts  a  jjreat  influonco.     Surface  cover 
is  also  decreasing  on  subtilled  plots  through  decomposition,  etc. 

In  September  of  1943  the  ?  value  is  again  significant.     At  this  tlae 
subtilled  plots  contained  leas  aoistura  than  did  plowed  plots.     Figure  1 
shows  tho  differences  in  tho  years  1942  and  1943-     July  "as  wetter  in  1943, 
whereas  August  and  September  were  both  drier. 

Fron  the  data  it  would  sees  that  subtilled  plots  take  in  more  noisture 
during  watting  conditions,  sinoe  thero  is  less  runoff  (Table  26)  and  loea 
soil  dispersion  (iowdemllk,  1930),  but  when  conditions  are  drying,  sore 
noisture  is  lost  from  subtilled  plots  than  froa  plourod  plota. 

This  latter  observation  is  in  agreement  with  the  work  of  Leoner  (1942) 
who  concluded  fron  a  study  of  soil  noisture  novenent  that,  "As  long  as  evap- 
oration does  not  take  place  aore  rapidly  than  capillary  conductivity  can 


replace  the  water  lost  frois  the  surface  of  the  soil,  the  moisture  content  of 
the  Interior  of  the  soil  nans  will  continue  to  decrease."     Leaner  concluded 
that  thin  happened  under  certain  types  of  mulches. 

Moisture  samples  were  token  to  a  depth  of  1  foot  in  October  coincident 
with  nitrate  sanples  taken  at  that  tine.     The  data  wero  combined  with  the 
moisture  data  for  the  0  to  12-ineh  depth  obtained  fron  the  September  and  July 
■saplings.     The  results  for  the  0  to  6-inoh  depth  are  recorded  in  Tablee  7 
and  8.     Figures  2  and  J  also  show  the  trend  of  soil  moisture  accumulation  for 
these  3  periods  for  the  0  to  6-inch  and  6  to  12-inch  layers.     These  curves 
depict  total  R  for  the  given  depths  and  the  ijlven  periods. 

It  is  worthy  of  note  that  the  2  years  differ  markedly  in  their  D  ratios 
for  the  3-month  periods  and  that  this  difference  is  well  reflected  in  the 
trend  of  soil  moisture.     The  sane  trends  are  noted  here  as  were  noted  in  the 
studies  on  the  0  to  5-foot  profile,  that  is,  the  moisture  accumulated  at  a 
greater  rate  in  the  subtilled  plots  than  it  did  in  the  plowed  plots, 
further,  when  conditions  are  drying  instead  of  wetting,  the  rate  of  decrease 
in  moisture  content  is  greater  in  subtilled  plots  then  in  plowed  plots. 

TJie  period  from  Septenber  28  to  October  12,  19-42,  represents  a  period 
of  warn  weather  with  an  almost  average  D  (Figure  1).     accept  for  1.34  inches 
of  rain  on  the  third  of  October,  little  rain  fell  Airing  this  period.     There 
were  9  days  with  the  temperature  above  80°  F.     In  general,  this  wa3  a  period 
of  dryingj  however,  plowed  plots  seemed  to  take  up  that  moisture  which  fell 
and  increased  an  average  of  0.133  H  per  plot  in  the  surface  6  inches.     On  the 
other  hand,   the  subtilled  plots  did  not  gain  in  moisture  in  the  surface  6 
inches  but  lost  an  average  of  0.042  K  per  plot. 

The  1943  data  are  almost  the  reverse  of  those  obtained  in  1942.     The 
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J-uly  2  ratio  (r'igure  1)  was  loir  as  a  result  of  wetting  conditions,  and  the 
soil  moisture  content  was  high  (figure  5).     August,  September,  and  October 
were  drier  than  the  same  period  in  1942.     At  tho  beginning  of  the  period  it 
should  be  noted  that  subtilled  plot*  in  both  the  0  to  6-inch  and  6  no  12-inch 
sections  were  more  moist  than  were  the  same  sections  under  plowing.     As  the 
value  of  D  increased  there  was  a  reversal  of  this  condition,  and,  as  for  the 
September-October  period  in  1942,  n  decreased  more  rapidly  for  the  subtilled 
plots  than  it  did  for  the  plowed  plots.     "Die  result  at  sampling  tine  in 
October  was  less  moisture  under  subtilled  plots  than  under  plowed  plots. 

The  data  for  the  0  to  6-inch  section  of  the  prof ilo  were  subjected  to  an 
analysis  of  variance  and  tho  results  are  recorded  in  Tablo  8.     Treatment,  year 
and  tionth  do  not  reach  significance.     This  any  be  partially  duo  to  the  few  de- 
grees of  freedom  and  the  highly  significant  interactions.     Tear  x  month  and 
treatment  x  month  interactions  are  highly  significant.     In  the  saso  of  the 
year  x  oonth  interaction,  tho  1942  order  of  accumulation  was  October, 
September,  and  July,  with  the  2  former  falling  into  1  group  and  a  definite 
break  between  these  2  and  July.     In  1943  tiie  order  of  accumulation  woo  July, 
Septeobor,  and  October,  with  each  oonth  a  separata  entity.     These  trends  are 
shown  in  Figures  2  and  3. 

The  treatment  x  month  interaction  substantiates  tho  indications  of  the 
graphs  that  the  treatment  affeated  the  accumulation  of  moisture  differently 
under  different  moisture  conditions.     Die  2  tiaes  when  significant  differ- 
ences were  encountered  aero  Soptambcr,  1942,  when  plowing  had  accumulated 
less  moisture  than  subiilllng,  and  July,  1943,  when  pissing  had  accumulated 
less  moisture  tn-n  subtilling.     ±bat  those  significant  differences  disappear 
in  boUi  cases  alien  conditions  ohangs  from  wetting  to  drying,  adds  further 


support  to  the  observations  of  differences  in  the  drying  rates  under  the  2 
types  of  treatment. 

Carbon  and  Kitro^en  Studies 

Two  weeks  prior  to  treatment  and  2  aontha  after  treatment  in  the  summer 
of  1943 i  samples  of  the  aggregated  and  unaggregated  fractions  of  soils  on 
all  12  plots  were  collected  frora  the  bacterial  samples  taken  at  these  tiaea. 
These  samples  were  dried,  ground  to  pass  a  lOO-mesh  screen,  and  total 
nitrogen  and  organic  carbon  determined  on  duplicates.     It  was  supposed  that 
any  differences  which  might  be  found  to  exist  in  bacterial  numbers  would  be 
related  to  the  carbon  and  nitrogen  changes  in  the  2  fractions  studied. 

Tables  9  and  10  record  the  results  of  the  analysis.     The  data  vary 
widely,  and  in  view  of  the  conclusions  of  Waynick  and  Sharp  (1919)  It  Is 
probable  that  no  actual  differences  exist  as  far  as  treatment  is  concerned. 
However,  it  should  be  pointed  out  that  the  difference  in  both  carbon  and 
nitrogen,  when  the  2  fractions  are  considered,  is  actual  as  shown  by  the 
highly  significant  value  of  t  for  nitrogen  studies  and  the  significant  value 
of  t  for  carbon.     Both  carbon  and  nitrogen  are  found  in  larger  quantities  in 
the  aggregated  fractions. 

Whan  C/H  was  calculated,  no  difference  was  found  between  the  2  fractions. 
This  would  tend  to  indicate  a  similarity  of  the  organic  matter  which  they 
contain.     The  amounts  of  carbon  and  nitrogen  for  the  periods  2  weeks  prior 
to  treatment  and  2  months  after  treatment  were  corrected  for  the  state  of  ag- 
gregation and  the  overall  carbon-nitrogen  ratio  calculated.     Again  no  dif- 
ferences were  found.     The  C/K  values  are  essentially  the  same,  considering 
the  wide  variation  in  results.     It  would  seen  then  that  plowing  under  or 
leaving  o  n  the  surface  almost  2-g  tons  of  stratr  per  acre  had  no  appreciable  or 
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Luting  effect  on  the  carbon,  nitrogen  or  C/li  of  either  the  total  soil  or  its 
aggregated  or  unaggregatad  fractions. 

A  third  sat  of  samples  was  takan  at  the  Una  bacterial  analysis  was  Bade 
2  weeks  after  treatment,     ffowever,  at  that  time  the  state  of  aggregation  was 
low  and  1  sample  did  not  yield  enough  naterial  for  baotarial  studies  and 
oarbon-nitrogen  dateraination.    As  a  result,  the  aggregated  fraotiona  from 
all  Ilka  treatments  had  to  be  combined  in  order  to  obtain  sufficient  sample 
for  carbon  and  nitrogen  determinations.     TJiis  was  also  dona  for  the  unaggre- 
gatad fraction)  results  of  analysis  are  recorded  in  Table  11.     Ho  definite 
conclusions  can  be  drawn  on  so  few  aanples,  but  some  avaragea  might  be  point- 
ad  out. 

When  the  umggregated  fraction  alone  is  considered  for  all  plots, 
I  ■  0.093  and  C  »  1.419.     These  are  not  greatly  different  from  other  results 
of  carbon  and  nitrogen  analysis  on  other  unaggregatad  fractions.     However, 
the  aggregated  fraction  yielded  values  of  M  =  0.209  and  C  ■  3.022.     The  value 
of  nitrogen  is  slightly  higher  than  values  found  prior  to  treatment  or  2 
months  after  treatment.     The  value  of  carbon  is  considerably  higher  than  that 
for  the  same  2  periods.     This  would  indicate  that  decomposing  organic  matter 
made  up  a  greater  percentage  of  the  aggregate  at  this  particular  time.     The 
overall  value  of  C/M  calculated  from  these  data  and  corrected  for  state  of 
aggregation  was  13.95.     Considering  the  small  number  of  samples  and  the  varia- 
bility shown  by  aggregated  and  unaggregatad  fractions  at  other  periods  of 
sampling,  this  value  does  not  differ  from  the  averages  presented  in  Table  10. 

The  fact  that  the  aggregated  fraction  yields  a  value  for  C/N  of  14.45 
should  not  be  overlooked  since  it  night  indicate  a  difference  in  the  type  of 
organic  matter  therein  at  that  time.     This  would  appear  from  subsequent  data 
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to  be  a  transient  type  of  carbon.     This  sane  relation  will  be  pointed  out  In 
connection  with  bacterial  studies. 


Table  11 .     Percent  organic  oarbon  and  total  nitrogen  for  aggregated  and 
unaggregated  fractions  2  weeks  after  treatment. 


Treatnent 


Aggregated!  fraction  Unaggregated  fraction 

Carbon  Nitrogen Carbon  nitrogen" 


flowed  3.4741  0.166  1.454  0.0fl9 

Subtilled  2.584  0.279  1.390  0.096 

Alternate  plowed  3.I53  0.186  1.431  0.092 

Alternate  subtilled  2.879  0.207  1.405  0.094 


3.022  0.209  1.419  0.093 

Overall  C/H  corrected  for  state  of  aggregation  —  13.95 

iDeterainations  made  on  coxMned  soil  sanples  free  J  plots  receiving  like 
treatnent. 

Carbon  and  nitrogen  studies  were  carried  out  on  the  aggregated  and  unag- 
gregated fractions  of  virgin  sod  sanples  collected  at  the  head  of  the  plots. 
The  results  of  these  studies  are  recorded  in  Table  12. 

It  is  of  primary  interest  to  oonpare  the  values  sat  forth  in  Table  12 
with  these  for  similar  fractions  recorded  in  Tables  9  and  10.     There  has  been 
a  widening  of  the  oarbon-nitrogon  ratio  fro*  11.8  to  about  13.5.     This  la  in 
agreement  with  observations  made  by  Iletsger  (1939)  for  plots  in  continuous 
wheat. 

Though  the  lusrber  of  sanples  is  anall,  It  Is  worthy  of  note  that  values 
of  C/N  for  the  unaggregated  fraction  are  in  all  cases  less  than  siailar 
values  for  the  aggregated  fraction.     This  was  not  the  oase  with  cultivated 
soil  sanples.     It  would  seen  that  the  amounts  or  types  of  oarbon  or  nitrogen 
In  cultivated  soils  differ  free  sod  in  these  2  fractions. 
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The  decrease  In  carbon  in  the  a  ggregated  fraction  has  been  0.97  over  the 
period  of  cultivation,  wherr  as  a  simultaneous  decrease  in  the  unagfregated 
fraction  has  been  only  0.52,  a  little  more  than  1/2  as  great.     In  the  case 
Of  total  nitrogen,  however,   the  decrease  in  the  aggregated  fraction  bar  been 
0.08  and  also  0.08  for  the  unaggregated  fraction.     The  nitrogen  then  would 
seen  to  be  similar  in  both  fractions;  whereas  the  carbon,  or  part  of  the 
carbon,  in  the  aggregated  fraction  is  nore  subject  to  loss,  probably  by  oxi- 
dation than  is  the  oarbo.n  of  the  unaggregated  fraotion. 

two  other  changes  should  be  noted  in  connection  with  the  loss  of  carbon. 
In  the  sane  manner  a  decrease  in  the  stability  of  the  aggregate  has  taken 
place  as  can  be  seen  by  reference  to  Table  16.     This  is  indicated  by  minor 
seasonal  fluctuation  in  the  state  of  aggregation  in  sod  as  compared  to  culti- 
vated soils.     There  has  been  a  decided  decrease  in  the  numbor  of  organl— 
present  in  the  aggregate  as  shown  by  the  t  value  2.09  for  total  numbers  in 
sod  versus  plowing,  and  t  value  3.30  for  fungi  in  sod  versus  plowing  (Table 

25). 

That  either  or  both  of  these  differences  might  be  related  to  the  dis- 
appearance from  soil  of  a  certain  carbon  fraction  when  that  soil  goes  into 
cultivation  is  not  impossible. 

State  of  Aggregation 

The  state  of  aggregation  on  the  plots  was  studied  between  February  and 
December  of  1943.  The  results  varied  widely.  With  the  introduction  of  the 
n  ratio,  however,  a  rather  definite  inverse  relation  was  found  ka    c  be- 

tween it  and  the  state  of  aggregation.     The  state  of  aggregation  and  soil 
moisture  were  then  correlated  and  the  results  seemed  to  offer  an  explanation 
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of  the  erratic  nature  of  the  determinations  between  periods  and  between 
treatments.  Reference  to  Figure  4  will  show  thut  a  rise  in  soil  moisture  re- 
sults in  an  increase  in  the  state  of  aggregation,  but  that  this  increase  is 
greater  under  subtillage  than  it  is  under  plowing.  The  reverse  is  the  case 
as  the  soil  dries. 

It  should  be  kept  in  Bind,  however,  that  treatments  of  short  duration 
had  been  applied.  Under  extended  treatment  the  sane  picture  night  not  be 
obtained  due  to  changes  resulting  from  tillage  methods  influencing  the  or- 
ganio  matter,  etc.  It  is  difficult  to  liamoniae  the  results  obtained  by 
such  workers  as  Jenny  (1933),  Bison  (1943),  Browning  (1937)  and  Barer  and 
Bhoades  (1932)  concerning  the  beneficial  effect  of  incorporated  organic  mat- 
ter on  soil  aggregates  with  those  of  Alderfer  and  Merkel  (1943),  Tan  Doren 
and  Stauffar  (1943)  and  others  who  have  obtained  better  structure  in  soils 
by  leaving  the  residues  on  the  surfaoe.  Since  the  latter  workers  obtained 
their  results  in  Pennsylvania  and  Illinois  respectively,  under  conditions 
of  relatively  low  evaporation  in  comparison  ulUi  that  occurring  in  Kansas,  it 
would  be  expected  that  the  subtilled  plots  would,  on  the  average,  contain 
more  moisture  than  would  the  plowed  plots.  It  is  possible  that  the  relations 
found  by  the  latter  workers  have  bera  moisture  relations  and  not  a  direct  re- 
sult of  treatment. 

The  data  on  the  state  of  aggregation  for  the  11  periods  studied  are 
■et  forth  in  Table  13.  The  figures  recorded  are  the  averages  of  duplicate 
determinations  on  the  6  plots  receiving  the  treatment  designated  and  are 
the  percentages  of  the  dry  weight  of  the  soil  aggregates  greater  than  0.105 
am.  obtained  by  wet  sieving.  The  results  of  statistical  analysis,  together 
with  the  least  significant  differences,  are  recorded  in  Table  14.  Over  the 
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11  periods  studied,  the  state  of  Aggregation  does  not  differ  significantly 
with  treatnent.     For  the  11  periods,  x  for  the  subtilled  plots  was  33.4  and 
34.3  for  the  plowed  plots. 

From  the  highly  significant  F  value  for  position,  its  least  significant 
difference,  and  from  the  position  neans,  it  can  be  seen  that  the  west  and 
east  ends  of  the  plots  did  not  differ  significantly  In  state  of  aggregation, 
but  that  the  cantor  of  the  plots  differed  froia  either  of  these.     The  posi- 
tional difference  nay  hare  been  due  to   the  presence  of  an  old  dead  furrow 
near  the  cantor  of  tho  plots.     It  does  serve  to  point  out  a  higher  and  more 
nearly  stable  stato  of  aggregation  existing  below  the  furrow  slice.     The 
differences,  however,  should  not  be  attributed  to  this  alone,  since  the  in- 
corporation of  considerable  organic  matter  through  treatment  has  removed 
actual  subsurface  conditions,  and  since  different  moisture  relationships 
would  be  encountered. 

The  F  value  for  period  was  also  highly  significant.     The  least  signifi- 
cant difference  and  period  means  are  recorded.     The  period  auu-nnA  no  regu- 
larity In  frequency  of  high  or  low  states  of  aggregation.    When  periods  are 
grouped  according  to  significant  differences,  periods  8,  3,  and  7  fall  into 
the  group  of  highest  state  of  aggregation.    Conditions  were  wettor  than 
average  in  these  3  cases.     The  intermediate  group  of  periods  include  11,  6, 
and  9,  with  periods  2,  5,  4,  10,  and  1  yielding  the  lowest  state  of  aggrega- 
tion.    These  trends  are  pointed  out  in  Figure  U  Cor  the  first  6  periods  of 
sampling. 

The  F  value  for  treatment  x  period  was  also  highly  significant.     While 
means  are  not  given,  differences  at  1,  4,  5,  and  6  (Figure  4)  fall  within  the 
range  of  significance,  and  the  differences  at  2  and  3  approach  the  5- percent 


level.  Reversals  In  treatment  affect  as  shown  also  occurred  at  later  dates 
of  sampling. 

Means  of  determinations  within  period  and  position  are  not  given,  but 
the  significant  F  value  leads  to  the  conclusion  that  the  center  and  east  end 
of  the  plots  are  nore  similar  than  are  the  west  end  and  center,  further,  the 
differences  between  the  center  and  east  end  seen  to  be  less  in  wet  periods 
than  in  dry.  An  interchange  of  position  between  the  east  and  west  ends  of 
the  plots  aay  be  tied  up  with  differential  rates  of  drying  or  watting. 

Correlation  coefficients  were  calculated  relating  the  state  of  aggrega- 
tion with  soil  Moisture.  These  are  recorded  in  Table  15.  The  observations 
mads  elsewhere  concerning  the  differential  rates  of  wetting  and  drying  with 
treatment  are  again  borne  out  by  the  study  of  aggregation  under  these  2 
treataants.  The  trends  of  soil  moisture  and  state  of  aggregation  follow  a 
very  definite  pattern  as  shown  in  Figure  4.  It  will  be  seen  that  there  are 
3  reversals  in  the  soil  moisture  ourve  and  that  these  reversals  occur  in 
both  watting  and  drying  periods.  The  tendency  of  moisture  to  increase  and 
decrease  ore  rapidly  under  sub'*lllage  than  under  plowing  is  shown  in  the 
trend  of  the  curves.  When  the  state  of  aggregation  ourve  is  considered, 
there  is  the  same  general  tendency  toward  ohange.  The  state  of  aggregation 
increases  and  decreases  more  rapidly  under  subtillage  than  under  plowing, 
the  wet  periods  resulting  in  higher  and  the  dry  periods  resulting  in  lower 
states  of  aggregation.  The  conclusions  reached  are  strengthened  by  the 
highly  significant  F  value  for  treatment  x  period  and  by  Figure  U  where  sig- 
nificant differences  have  been  pointed  out. 

It  is  considered  highly  Important  that  the  state  of  aggregation  should 
be  positively  correlated  with  soil  moisture,  for  soma  soils,  in  view  of  the 
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varied  procedures  used  for  aggregate  analysis.     The  methods  used  in  this 
study  would  indicate  that  a  true  picture  of  aggregate  action  toward  rainfall 
can  be  obtained  only  through  an  analysis  01'  the  soil  as  it  CD»es  Xros  the 
field,     itowever,  data  do  not  conclusively  show  that  trends  found  in  the  stats 
of  aggregation  of  moist  samples  would  not  persist  after  air  drying.     It  is 
possible  that  many  of  the  contradictory  results  that  have  been  obtained  in 
studies  of  the  state  of  aggregation  and  of  the  effects  of  cultivation  prac- 
tices can  be  explained  by  soil  moisture  relationships  as  shown  here. 

Table  15.     Correlation  of  state  of  aggregation  end  soil  moisture  content. 


"T 

0  s  i  t  i  0  n 

Treatment 

..ts  t 

Center 

BsSJw 

Flowed 

SubUlled 

0.396 

0.660** 

0.502* 
0.528* 

0.508* 
0.638** 

^Significant. 
->*l!ij?Jily  significant. 

In  line  with  the  carbon  and  nitrogen  studios  on  sod,   a-at-e  of  aggrega- 
tion studies  were  also  mads.     Table  16  shows  a  state  of  aggregation  20.46 
units  higher  under  sod  than  under  plowing.     It  has  boon  calculated  that  the 
percentages  of  carbon  for  sod  and  plowing  were  2.7,4  end  I.69  respectively. 
The  greater  decrease  in  organic  carbon  falls  to  the  aggregated  fraction. 
This  loss  in  carbon  and  decrease  in  aggregation  is  in  agreement  with  the  ob- 
servations of  Aokeman  and  Myers  (1943). 

Another  point  of  interest  in  Table  16  is  the  oore  nearly  stable  condi- 
tion of  the  aggregates  under  sod  than  under  plowing.     The  deviation  froa  the 
mean  for  the  5  periods  of  sampling,  disregarding  algebraic  sign,  was  11.18 
units  for  sod  and  31.31  units  for  plowing. 


Table  16.     Variability  and  state  of  aggregation  under  sod  and 
under  plowing. 


Date  3od  Flo— d 


Movember  12,  1943  64*05  38.67 

.  61.86  45.44 

Movenber  15,  1943  62.89  50.02 

November  18,  1943  63.73  41.22 

Movenber  22,  1943  68.67  37.56 

December  3,  1943  63.33  48.45 

Msan  64.08  43.56 
10  d.f.,  J,    20.52   t  —  17.75*» 

*-»Hishlv  si;*nifJicani. 


The  samples  ronoved  for  aggregate  analysis  from  plowed  and  subtilled 
plots  seemed  to  show  a  visible  difference  in  their  structure.  In  periods  of 
wetting,  the  subtilled  samples  were  more  compact  and  platy  in  structure, 
with  a  tendency  to  forn  clods.  On  the  other  hand,  the  profile  from  plowed 
plots  had  a  well  developed  granular  structure;  there  were  no  definite  frac- 
ture planes  and  the  aggregates  were  well  separated.  There  was  alao  deeoa- 
posing  and  undecomposed  organic  natter  throughout  the  plow  »one  which  did 
not  appear  in  the  plow  cons  of  the  subtilled  plots. 

These  differences  are  shown  in  RLatee  III  and  VI.     The  samples  were 
taken  in  the  field,  trimmed  to  slse  with  a  spatula,  cut  about  half  way 
through  for  the  entire  length,  and  broken  open.  Cross  sections  were  taken 
with  a  6-inch  sampling  tube  and  broken  without  cutting,  about  3  inches  be- 
low the  surface. 


EXPUKATIOH  OF  PLA1E  III 

Vertical  and  cross  sections  of 
sample  taken  fron  sub  tilled  plots. 
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PLATE  III 


EXPXANATXOH  OF  PUTS  IT 

Vertical  and  orosa  sections  of 
■ample  taken  from  plowed  plots. 
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PLATE  IV, 
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Absorption  of  Water  by  Aggregates.     In  the  course  of  Investigating  the 
state  of  aggregation  and  bacterial  numbers  it  was  noted  that  unit  weights  of 
aggregate  taken  from  sod  were  losing  noro  water  on  drying  than  were  the  unit 
weights  of  aggregate  taken  from  cultivated  soils.     This  observation  was  pur- 
sued at  some  length)  the  results  are  presented  In  Table  17. 

Table  17.     Wator-holding  eapaaity  of  aggregates  frora  sod  and  plowing. 


Date 

Hater-1 

BfSSj 

capacity  express! 

id  as  percent 

Sod 

Flowed 

Sod/plowed 

Hovenber  11, 

1943 

72.22 
68.57 

52.00 
49.11 

1.38 
1.39 

November  15, 

■ 

1943 

63.43 
68.03 

53-47 
52.94 

1.18 
1.28 

Novenber  18, 

1943 

78.86 
71.53 

55-74 
45.95 

1.41 
1.56 

Novenber  20, 

• 

1943 

64.29 
57.40 
66.67 
67.66 

61.97 
63.64 
55.21 
58.06 

1.04 
0.90 
1.20 
1.16 

Men 

67.87 

54.81 

18  d.l 

'. ,    J, 

13.06 

t  —  15.85*» 

••Highly  significant. 

That  there  was  a  nore  labile  oarbon  fraction  present  in  the  sod  samples 
studied  than  in  the  cultivated  soils   (p.   53)  has  been  pointed  out.     Anong 
other  workers,  Feustel  and  Byers  (1936)  have  pointed  out  the  increase  in 
water-holding  capacity  of  the  soil  which  aoconpaniea  nn  increase  in  organic 
natter.     It  is  possible  that  the  loss  of  this  labile  carbon  fraction  with  ex- 
tensive cultivation  nay  account  for  the  loss  in  water-holding  capacity 
observed. 
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It  should  be  noted  that  water  uptake  per  gran  of  aggregate  averages 
0.1306  grans  higher  under  sod  than  under  plowing.     Assuming  2  x  10°  pounds 
in  the  furrow  slice,  the  water  taken  up  by  the  aggregated  fraction  under  sod 
exceeds  that  for  the  sane  fraction  under  plowing  by  130.6  tons  per  aore. 
This  is  about  1.15  surface  inches  if  total  aggregation  is  assumed,  or  about 
0.72  surface  inch  for  63  percent  aggregation.     In  light  of  this  calculation 
there  are  factors  other  than  surface  cover  which  influence  the  water  rela- 
tions of  sod. 

Changes  in  the  State  of  Aggregation  on  Betting.     The  observations  wade 
on  field  samples  concerning  the  state  of  aggregation  and  its  correlation 
with  the  percent  of  soil  moisture  were  studied  in  the  laboratory  on  air-dried 
•oils  and  slowly  moistened  soils.     Six-inoh  samples  were  removed  from  the 
field  and  allowed  to  dry  at  room  temperature.     From  these  samples,  3  frac- 
tions were  separated  by  dry  screening,  using  the  same  sise  screens  which  had 
been  used  for  the  wet  sieving  process. 

The  amount  of  each  of  the  3  fractions  used  is  recorded  in  Table  18. 
One  series  was  allowed  to  take  up  30  percent  of  its  weight  of  water  by  cap- 
illarity.    Evaporation  was  then  restricted.     Another  series  was  treated  in 
the  same  way  except  that  no  water  was  added.     The  sanples  were  allowed  to 
stand  for  24  hours  in  the  laboratory.     At  the  end  of  this  Urns  they  were  wet 
sieved  and  the  sttte  of  aggregation  determined.     Results  are  recorded  in 
Table  IS. 

It  will  be  noted  that  in  soils  which  were  air-dry  there  was  a  breakdown 
of  fractions  A  and  B  with  an  increase  in  fraction  C  and  in  the  unaggregated 
fraction.     This  confirmed  preliminary  observations. 

Russell  (1938)  has  suggested  that  the  polar  nature  of  water  is  of  great 
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Importance  in  the  binding  of  the  soil  particles  Into  aggregates.     Toder 
(1936)  points  out  the  disintegration  of  dry  aggregates  on  rapid  wetting  and 
suggest*  that  entrapped  air  may  be  the  cause.     Both  of  these  could  account 
for  the  observations.     Hasaver,  Kolodny  and  Joffe  (1939)  vera  able  to  show 
a  greater  dispersion  of  soils  on  wetting  than  was  found  In  the  saae  soil  If 
it  were  dry.     Browning  and  IHlan  (1941)  demonstrated  that  this  dispersion 
was  dependent  upon  the  soil  type  and  upon  the  aaount  of  organic  or  inorganic 
colloid  present  in  the  soil. 

Bapid  Changes  in  the  State  of  Aggregation.    From  previous  studies  on 
the  state  of  aggregation,  it  had  been  observed  that  a  rapid  change  took  place 
as  successive  determinations  were  Made  on  the  suae  field  sample.     Tills  was 
pointed  out  as  an  increase  in  the  unaggregated  fraction  (p.  29).     The  change 
resulted  in  a  decrease  in  the  state  of  aggregation  and  wan  most  noticeable 
in  the  cooler  spring  and  fall  months.     Since  this  decrease  caused  difficulty 
In  atteupted  replications,  and  since  drying  had  given  indications  of  ad- 
versely affecting  the  state  of  aggregation,  an  attempt  was  made  to  find  the 
cause  of  eml  decrease  in  soil  moisture  relationships. 

Saitplos  ware  removed  fron  the  field  in  the  usual  manner;  l/2  °*  the 
sample  was  taken  Into  the  laboratory  and  left  Intact  at  room  temperature 
for  1-1/2  hours.     The  other  1/2  was  left  where  the  temperature  was  somewhat 
above  freeaing.    Aggregates  were  washed  from  sample  1  after  standing  in  the 
laboratory  for  1-1/2  hours  and  fron  sample  2  after  it  had  remained  outside 
for  2-1/2  hours.     The  data  are  presented  in  Table  19. 

At  the  end  of  1-3/4  hours  the  moisture  content  of  sample  1  was  the 
as  was  the  moisture  content  in  sample  2  at  the  end  of  38  minutes,  but  the 
state  of  aggregation  was  8.2  units  higher  in  the  latter  case.     This  would 
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indicate  that  gone  factor  other  than  Moisture  also  affects  the  state  of  ag- 
gregation.    Among  the  factors  which  night  oauso  this  change  would  be  changes 
in  temperature,  vapor  pressure,  and  carbon  dioxide  concentration.     Hough 
temperature  determinations  did  not  indicate  any  rapid  tenparature  changes  in 
the  soil  mass,  and  it  is  apparent  that  the  change  is  a  rapid  one  and  of  a 
logarithmic  nature.     It  has  been  pointed  out  that  the  change  in  moisture  con- 
tent is  small  in  proportion  to  the  change  in  the  state  of  aggregation. 

Table  19.     Short-time  changes  in  the  state  of  aggregation. 


^^^^^^^^anp57?T^^^ 
Time  in  the    Percent        State  of 
laboratory      moisture    aggregation 
(hours) 


1-1/2  26.90  43.91 

1-3/4  26.58  42.65 


sampxe  i 

Time  in  the 
laboratory 

(jninutes^ 

Percent 
moisture 

State  of 
aggregation 

3 

18 
38 
90 

27.55 
27.23 
26.58 
26.10 

55.21 
54-H 
53.26 
40.72 

It  has  been  generally  observed  that  concentrations  of  carbon  dioxide  in 
the  soil  may  readily  be    10   times  that  in  the  atnosphere.     In  moist,  cool 
soils  this  would  lead  to  a  high  concentration  of  carbonic  acid  and  a  soil 
colloid  fairly  well  saturated  with  hydrogen  ions.     Such  a  condition  would  re- 
sult in  the  flocculation  of  soil  particles.     A  dissociation  of  carbonic  acid 
and  a  decrease  in  hydrogen  pressure  at  the  surface  of  the  colloid  would  be 
brought  about  by  aeration,  slight  rises  in  tenparature,  and  changes  in  rapor 
pressure  gradients  which  would  aooompany  removal  of  the  soil  mass  to  the  warm, 
dry  air  of  the  laboratory.     This  would  bring  about  a  more  negatively-charged 
particle  and  a   oo-repelling  action  or  dispersion. 

In  view  of  the  tine  factor  and  small  decreases  in  moisture  content  of 
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the  soil  In  the  laboratory,  such  a  mechanism  aa  suggested  above  night  account 
for  the  results  that  have  been  noted. 

Microbiological  Studies 

A  preliminary  study  of  bacterial  makers  was  undertaken  using  the 
sampling  technique  which  had  been  developed  to  determine  its  usefulness  in 
gaining  representative  samples  of  bacterial  lumbers  from  the  unaggregated 
fraction.  At  the  sane  time  it  was  desired  to  determine  the  effect  of  time 
of  shaking  the  aggregated  fraction  on  total  counts. 

The  soil  samples  were  washed,  nixed,  and  unaggregated  samples  taken  aa 
previously  described.  The  aggregated  fractions  were  placed  in  dilution 
flasks  containing  90  cc.  of  sterile,  distilled  water  and  shaken  with  glass 
beads  for  the  lengths  of  time  recorded. 

An  amount  of  total  soil  from  the  same  field  samples  comparable  in  weight 
to  that  of  the  aggregated  fraction  was  also  shaken  with  glass  beads  and 
analysed  quantitatively  for  bacterial  and  fungal  numbers. 

The  results  are  recorded  in  Table  20.  All  counts  given  are  averages 
of  13  plates— the  results  of  quadruplicate  plates  in  3  trials.  The  same 
trend  was  evident  in  all  3  trials. 

It  will  be  observed  that  10  minutes  is  the  optimum  time  of  shaking  to 
give  maximum  numbers.  Prior  to  that  tine  it  would  seem  that  the  aggregate 
is  not  completely  disintegrated,  and  beyond  10  minutes  a  grinding  effect  Is 
probably  encountered  which  reduces  the  number  of  viable  organisms. 

When  the  observed  counts  for  fungi  and  total  organisms  in  the 
ted  and  unaggregated  fractions  after  10  minutes  shaking  are  adjusted  for 
state  of  aggregation,  the  calculated  counts  for  total  soil  agree  well  with 
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the  observed  counts. 

It  was  desired  to  obtain  the  aggregated  fraction  counts  and  unaggrega- 
ted  fraction  counts  from  the  sane  soil  sample.     Tills  could  not  be  done  If 
total  soil  were  used,  and  since  the  results  obtained  fron  the  use  of  both 
fractions  agreed  well  with  the  results  fron  total  soil,  samples  were  plated 
from  the  aggregated  and  umggregated  fractions  of  the  sirae  saaple. 

Table  20.     Numbers  of  total  soil  organisms  and  fungi  as  affected  by  tine  of 
shaking. 


Tine 

Organises  per  gran  of  ovan-dry  soil  x  10-'* 

of 

Aggregated  fraction                                fi>g ~xa »ated  fraction 

shaking 

Total                  Fungi                                  Total                  Fungi 

(minutes) 

6 

10 

u 

18 


6 
10 
14 
18 


7,404.88 

U.853.34 

8,423.93 

6,297.42 


9,149.01 
12,057.93 
11,166.48 
10,949.37 


16.81 
19.64 
17.37 
13.55 


28.15 
30.07 
35.66 
26.27 


13,543-45 


36.99 


Total  eoll 


12.717.661  28. 521 


State  of  aggregation  —  48.86. 


^Calculated  fron  the  state  of  aggregation  and  numbers  of  organ! —  In  each 

of  the  two  fractions. 


By  the  use  of  direct  net: oils  of  analysis,  an  attempt  was  made  to  gather 
information  concerning  the  actual  relation  of  the  microbial  population  to  the 
soil  aggregate.     The  methods  used  were  developed  In  such  a  way  that  the 
naturally  occurring  aggregated  and  unaggregated  fractions  could  be  studied. 
It  was  reasoned  that  should  microorganisms  have  a  direct  effect  on  the  state 
of  aggregation,  they  should  be  found  associated  with  that  fraction.     Hence 
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the  method  used  was  developed  to  allow  counts  to  bo  made  of  those  organl  MB 
tied  up  within  or  associated  with  the  aggregate  and  also  of  those  organists 
associated  with  the  unaggregated  fraction  from  the  same  sample. 

Bacterial  analyses  were  made  on  the  plot  at  3  periods  in  the  summer  of 
1943;  these  periods  were  (1)  prior  to  treatment,  (2)  2  weeks  after  treatment, 
and  (3)  2  months  after  treatment.  The  results  are  recorded  in  Tables  21  and 
23.  Trends  of  populations  aro  also  shown  graphically  in  Figures  5  and  6. 

Fungal  counts  are  found  in  Table  21.  By  rrthods  of  analysis  of  variance 
(Table  22)  the  only  significant  difference  is  the  position  x  period  inter- 
action. While  this  shifting  of  the  position  of  maximal  oount  is  not  explain- 
able from  the  data  presented,  it  nay  be  related  to  soil  moisture.  Although 
the  periods  differ  as  shown  by  their  neans,  the  data  do  not  show  signifi- 
cance, which  is  probably  due  to  the  interaction.  The  trend  of  counts  is 
ahown  in  Figure  5  together  with  the  state  of  aggregation  curve  and  the  soil 
moisture  curve}  the  change  in  count  seems  to  be  closely  associated  with  the 
change  in  the  state  of  aggregation  or  vice  versa.  Soil  moisture  changes  do 
not  seem  to  ba  related  to  changes  in  the  fungal  population.  A  possible  ex- 
planation of  the  depressed  curve  for  subtillage  shortly  after  plowing  and  the 
almost  level  or  elevated  curve  for  plowing,  may  lie  in  the  trend  of  the  total 
organisms  curve  for  the  aggregated  fraction  (Figure  6).  Competition  for  food 
would  be  keen  under  such  circumstances.  Plowed  plots  would  have  in  the  fur- 
row slice  a  ready  supply  of  fresh  organic  matter,  whereas  3ubtilled  plot* 
would  not  have  such  a  supply,  tn  such  a  situation,  although  the  bacterial 
population  under  plowing  increased  many  fold,  there  would  remain  more  unde- 
composed  organio  matter  for  the  fungal  population.  In  the  case  of  subtllled 
plots,  the  small  amount  of  available  organic  matter  at  the  surface  of  the 
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■oil  would  be  monopolised  by  the  bacterial  population  and  as  a  result  the 
fungal  population  would  be  depressed. 

Because  of  lack  of  treatment  and  period  dlf fsranoes,  counts  on  the  ag- 
gregated fraction  for  the  2  treatments  were  combined  as  were  counts  on  the 
unaggregated  fraction.  A  t  test  was  nada  to  determine  any  differences  which 
night  exist  in  these  2  fractions!  the  values  of  t  are  recorded  in  table  21. 
In  the  sua  er  periods,  no  significant  difference  in  counts  associated  with 
the  2  fractions  could  be  detected. 

Counts  of  total  organisms  were  wade  in  the  sane  Banner  and  at  the  sane 
tine  as  fungal  counts;  the  results  are  recorded  in  Table  23  and  Figure  6.  It 
is  of  interest  that  the  sane  significant  interaction,  period  x  position,  was 
obtained  with  total  counts  as  with  fungal  counts.  There  is  no  explanation  for 
the  observation.  Results  of  the  analysis  of  variance  are  the  sane  as  with 
fungal  counts  in  other  respects.  Hence  a  similar  t  test  was  nade  on  the  data 
for  total  counts.  Table  23  shows  2  significant  differences.  The  aggregated 
fraction  was  significantly  higher  in  total  numbers  2  weeks  after  plowing  and 
subtilling;  this  rise  is  shown  in  Figure  6.  Two  months  after  treatment  the 
unaggregated  fraction  was  significantly  higher  in  total  numbers,  also  shown 
In  Figure  6. 

Reference  to  Table  12  will  point  out  the  fact  that  a  different  type  of 
organio  matter,  as  indicated  by  the  carbon-nitrogen  ratio,  was  present  in  the 
aggregated  fraction  under  sod  from  thtt  in  the  unaggregated  fraction.  This 
has  been  discussed  as  a  labile  type  of  carbon  in  that  the  aggregated  fraction 
loses  almost  twice  as  much  carbon  as  does  the  unaggregated  fraction  on  a  unit 
weight  basis  when  land  goes  into  cultivation,  assuming  that  the  source  of 
this  carbon  fraction  is  the  root  system  existing  under  sod,  there  is  present 
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at  all  tines  a  situation  similar  to  that  in  the  cultivated  field  after  resi- 
dues are  planed  under.  As  residues  turned  under  or  sloughing  off  from  roots 
are  attacked  by  organisms,  the  microbial  population  in  that  isnedlats  area 
increases.  The  excretion  of  waste  products  and  mucilaginous  substances  would 
tend  to  bind  particles  together  and  the  result  would  be  an  aggregate  (Martin 
and  Waksman,  1940).  However,  when  the  supply  of  energy  was  exhausted,  the 
aggregate  would  deteriorate  and  the  niorobial  population  would  be  released  to 
the  unaggregatod  fraction.  Although  these  tenporary  aggregates  would  be  many, 
their  effeot  would  be  Basked  in  total  soil  analysis,  since  they  would  sake  up 
only  a  small  percentage  of  the  total  aggregated  fraction.  It  Is  of  interest 
to  note  that  the  state  of  aggregation  was  only  12  to  H  percent  at  the  tims  of 
analysis.  It  has  also  been  pointed  out  that  the  organic  carbon  in  the  aggre- 
gated fraction  seamed  to  increase  at  this  tlae.  Fran  the  results  of  Waynlok 
and  Sharp  (1919)  It  would  sees  that  such  snail  amounts  of  organic  natter  as 
are  added  fron  a  crop's  residue  should  not  show  such  an  appreciable  change  in 
organic  carbon.  It  should  be  remembered,  however,  that  if  the  greater  part, 
say  70  to  80  percent,  of  the  decomposing  organic  matter  Is  associated  with 
the  aggregated  fraction  and  that  fraotlon  oocuples  only  12  to  14  percent  of 
the  soil  mass,  a  tremendous  increase  In  organic  carbon  results  In  that  frao- 
tlon. 

The  same  line  of  thought  should  be  pursued  In  connection  with  the  bac- 
terial numbers  curves  of  Figure  6.  A  difference  of  35  x  10*  is  observed  for 
the  counts  in  the  2  fractions,  but  this  difference  is  associated  with  but 
12  to  U  percent  of  the  soil  mass.  Should  the  total  soil  mass  be  analysed 
instead  of  an  aggregated  fraotlon,  this  difference  would  be  diminished  and 
a  more  nearly  normal  curve  of  numbers  would  result. 


Table  25.     The  mloroorganlo  population  of  cultivated  and  virgin  soils  par  gram  of  deslgi 

wted 

fraction. 

Total  a 

rganlsns 

Fl 

CuYtivi 

"^                   Sod 

Culti' 

M 

Sod 

Aggregated 

Onagers gated 

aggregated" 

Unaggregated 

Aggregated 

Unaggregated 

;i»  re  gated 

naggre gated 

13,452.46 

11,309.98 

23,816.83 

36.67 

18.63 

72.79 

a. 06 

9,325.63 

13,817.54 

12,966.86 

18,845.40 

29.57 

15.27 

60.29 

43.59 

6,943.99 

10,787.92 

6,287.63 

17,212.64 

19.95 

18.09 

74.35 

37.26 

U,410.10 

10,801.12 

9,176.16 

20,166.82 

57.14 

19.23 

35.50 

27.42 

8,606.25 

8,394.80 

8,988.44 

11,678.60 

15.19 

19.33 

34.88 

23-95 

3,272.95 

7,518.00 

11,094.25 

13,184.38 

19.75 

18.80 

33.45 

26.37 

10,662.84 

8,637.20 

9,355.39 

13,184.86 

26.32 

19.33 

15.89 

27.55 

9,574.20 

9,024.05 

8,213.08 

10,122.50 

26.60 

19.06 

25.57 

19.23 

11,800.62 

10,094.18 

12,024.63 

11,557.50 

26.83 

21.11 

62.29 

28.99 

17,726.10 

6,948.75 

8,772.09 

10,810.80 

30.93 

21.12 

57.21 

26.06 

Mean    9,752-20 

9,947.60 

9,819.85 

15,057.83 

26.22 

18.99 

47.22 

30.14 

Actinomyces 

Anaerobes 

161.35 

_ _ 

470.37 

483.10 

163.15 

422.80 

275.47 

: 

1020.50 

266.59 

572.55 

493.25 

666.64 

218.08 

672.60 

306.84 

202.45 

259.70 

740.03 

138.07 

961.60 

48.72 

64.57 

— 

— 

259.19 

418.00 

355.03 

632.  80 

40.02 

90.86 

— 

— 

303.75 

748.20 

116.28 

299.40 

67.66 

106.98 

— 

— 

227.17 

501.20 

289.90 

548.47 

66.34 

79.73 

— 

— 

236.84 

181.20 

423.80 

306.15 

60.05 

108.55 

— 

— 

319.14 

224.20 

281.30 

404.90 

46.79 

46.27 

— 

— 

100.86 

263.90 

46O.4O 

100.50 

148.00 

70.98 

180. 64 

185.93 

256.90 

545.00 

144.90 

102.70 

67.05 

101.39 

208.95 

248.07 

_ 

— 

— 

69.85 

94.34 

— 

— 

— 

— 

— 

— 

105.33 

117.86 

— 

— 

Bean        247.79 

466.03 

317.32 

450.62 

91.75 

164.74 

242.97 

414.24 

t  values  from  above 

data 

Totals 

Fungi 

Actinomyces 

Anaerobes 

Source 

1 

d./.       i 

i.e.     \ 

A.I. 

i 

A.t. 

I 

Cultivated  versus  sod 

38        2.09» 

38        3O0*»           36 

0.02 

14 

0.76 

Cultivated,  aggregated  versus 

unaggregated 

18         1.28 

18         2.16»              16 

0.74 

22 

0.28 

Sod,  aggregated 

versus  unaggregated 

18        0.78 

18         2.45*              18 

0.33 

6 

0.18 

lAll  counts  are 

averages  of  12  plates  x  10 

4 

•Significant. 

••Highly  significant. 
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In  Table  25  are  recorded  data  on  farther  studies  of  the  nieroblal  popu- 
lations of  the  aggregated  and  unaggregated  fractions.    A  series  of  t  tests 
was  conduoted  in  the  manner  o  f  Tables  21  and  23.     The  total  population  under 
sod  Is  significantly  greater  than  that  found  in  cultivated  soils.     This  Indi- 
cates the  usual  changes  brought  about  with  the  introduction  of  cultivation, 
namely,  a  decrease  In  bactorlal  numbers  associated  with  a  decrease  in  avail- 
able carbon  and  nitrogen  and  a  decrease  in  the  state  of  aggregation. 

Highly  significant  differences  were  also  found  when  the  fungal  population 
under  sod  was  compared  with  that  in  cultivated  soils.     A  further  analysis  of 
the  aggregated  and  unabrogated  fraction  populations  resulted  In  significant 
differences  in  these  for  both  sod  and  cultivated  soils.     The  sanples  fron 
cultivated  soils  were  taken  from  the  plots  about  4  months  after  trealaent 
when  the  soil  had  had  a  ohanoe  to  return  to  a  more  nearly  nonaal  condition. 
The  aggregated  and  unaggregatod  fractions  did  not  differ  In  total  popula- 
tions, but  there  was  a  difference  in  their  fungal  populations. 

Actinomyces  counts  did  not  yield  significant  differences  between  frac- 
tions.    A  study  of  anaerobes  was  undertaken  in  an  attempt  to  gain  informa- 
tion on  interior  conditions  of  the  aggregate;  no  differences  were  found  to 
exist  between  fractions.     It  should  be  pointed  out  that  of  the  soil  organises 
studied,  only  those  possessing  a  mycelial  structure,  that  is,  the  fungi,  were 
found  in  greater  numbers  in  the  aggregated  fraction  of  the  soil.     With  the 
exception  of  a  short  period  after  cultivation,  all  other  organisms  existed 
in  greater  average  numbers  outside  the  aggregate. 

Reference  should  also  be  made  to  Table  13  where  the  state  of  aggregation 
has  been  recorded  for  field  position.     The  F  valuo  for  position  was  found  to 
be  significant,  and  statistical  analysis  of  the  bacterial  data  was  conducted 
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In  the  same  manner  in  an  attempt  to  correlate  the  state  of  aggregation  and  bac- 
terial numbers.     The  positional  T  value  for  fungal  as  well  as  bacterial  num- 
bers was  not  found  to  be  significant.     The  higher  state  of  asgregatlon  at  the 
center  of  the  plots  could  not  in  this  case  be  associated  with  lilgher  bacterial 
counts.     As  noted  above,  this  was  probably  the  influence  of  the  B  horizon. 

Runoff  Data 

Installation  of  runoff  collector  equipment  was  completed  in  the  early 
fall  of  1943}   the  arrangement  has  been  desoribed  elsewhere.     Precipitatation 
in  the  following  months  was  scattered,  weather  conditions  In  general  being 
dry.     Those  rains  widoh  fell  were  readily  taken  up  by  the  soil.    Warm  weather 
for  about  2  weeks  late  in  January  resulted  in  the  loss  of  snow  oover  and  the 
soil  dried.     Soil  samples  taken  about  this  time  contained  27  percent  moisture 
and  revealed  good  porous  structure.     The  soil  was  in  good  condition  to  absorb 
rainfall. 

A  total  of  0.98  inch  of  rain  fell  on  January  26,  1943-     Of  this  total, 
0.60  Inch,  which  fell  in  the  first  20  minutes,  perhaps  contributed  the  great- 
est amount  to  runoff .    Another  rain  on  March  3,  1943.  totaling  0.75  inch, 
also  resulted  in  runoff.     The  data  on  these  2  rains  are  recorded  in  Table  26. 

Even  from  tills  scant  data  there  oan  be  little  question  ebo  -t  the  superi- 
or ability  of  straw  mulch  to  retain  rainfall  during  periods  of  short,  heavy 
showers.     The  data  are  in  agreement  with  results  obtained  by  Lowderrailk 
(1930),  Duley  and  Huesel  (1939),  and  others. 

Ho  runoff  resulted  from  2.1  inches  of  rainfall  in  early  April,  even 
though  2  inches  fell  in  about  12  hours.     It  would  seen  that  the  stand  of 
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wheat  on  the  plots  was  sufficient  at  this  tine  to  overshadow  the  effeot  of 
surface  cover. 

Table  26.     The  relation  of  surface  runoff  to  treatasnt. 


Treatment 

i.  1943 

Plot      Slope 

Surface 

m.  n 

inches 
Uaroh  3 

Tons  per 

acre 

Jim.  26 

March  3 

1  5.67          Plowed 

2  6.25          Subtilled 

5  6.43          Subtilled 

6  6.05          Plowed 

Total  precipitation 
Percent  loss,  plowed 
Percent  loss,  subtilled 

0.162 
0.001 
0.000 
0.049 

0.98 

10.76 

0.06 

0.012 
0.000 
0.000 
0.000 

0.75 
1.61 
0.00 

18.65 
0.12 

0.00 

5.59 

1.37 
0.00 
0.00 
0.00 

Nitrate  Aocuaulation 

The  plots  were  sanpled  for  nitrates  at  seeding  tine  in  1942  and  1943* 
The  results  are  recorded  in  Table  27  with  the  analysis  of  Tariance  and  least 
significant  differences. 

The  F  value     for  years  falls  below  the  significant  5-percent  level)  how- 
ever,  there  is  little  question  concerning  the  differences  in  nitrate  accumu- 
lation in  the    2     years  studied.     The  latter  year  was  nore  nearly  ideal  for 
nitrate  aocmrulation.     Considering  all  plots  and  all  treatmsnts,   the  over-all 
aocunulation  of  nitrate  did  not  differ  significantly  with  depth. 

The  T  value  for  treatment  (11.70)  is  highly  significant.     Kron  the  least 
significant  difference  it  will  be  noted  that  plowing  is  superior  to  alternate 
plowing,  which  in  turn  is  superior  to  subtilling,  but  that  subtilling  and 
alternate  subtilling  fall  into  the  sane  class.     It  should  also  be  noted  that 
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subtillage  has  on  immediate  affect  on  nitrate  accumulation,  for  results  on 
alternate  subtilled  plots,  1943,  Indicate  that  the  depression  of  nitrate  oo- 
ounulation  by  subtilling  wis  as  great  when  the  plots  vera  plowed  the  year 
previous  as  it  was  when  the  plots  hod  been  subtilled  the  previous  season. 

The  over-all  effect  of  treatment  on  depth  is  about  the  sane  for  either 
treatment  as  shown  by  the  non-significant  F  value,  1.16.     In  the  0  to  3  and  3 
to  6-inch  depths  the  order  is:     plowing  greater  than  alternate  plowing, 
greater  than  subsurface,  and  greater  than  alternate  subsurface.     Prom  Table 
27  it  will  be  noted  that  aocumulation  in  1942  at  the  3  to  6-inoh  depth  was 
less  than  &t  the  0  to  3  or  6  to  12-inch  depths  under  subtillage.     The  greater 
amount  of  moisture  in  August  and  September,  1942,  has  been  pointed  out  before. 
This  period  was  followed  by  dry,  warm  conditions  in  late  September  and  early 
October.     It  would  seam,   then,  that  under  subtillage,  increased  infiltration 
was  accompanied  by  leaching  from  the  sone  of  nitrate  formation,  in  this  case 
at  or  near  the  surface,  to  a  lower  depth.     Nitrate  accumulation  then  took 
place  in  a  0  to  3-inoh  section  upon  the  resumption  of  more  nearly  ideal  con- 
ditions.    Kranta  and  Soarsoth  (1943)  ha*"  also  pointed  out  that  nitrate  tends 
to  move  to  the  surface  with  evaporation.     The  movement  of  moisture  as  shown 
in  Figure  2  would  seem  to  support  such  a  thought.     Subtilled  plots  began  to 
dry  after  September  28. 

The  D  value   for  1943  *as  higher  than  for  1942.     The  result  of  Bore 
nearly  optimal  conditions  for  nitrate  accumulation  was  a  higher  nitrate  level 
in  both  plowed  and  subtilled  plots.     The  differences  due  to  treitaent  were 
more  striking  than  in  1942.     Continuous  plowing  gave  a  higher  nitrate  content 
than  did  any  other  treatment.     There  would  seem  to  be  some  residual  effect  on 
nitrate  accumulation  due  to  treatment  since  the  plots  subtilled  in  1942  and 


plowed  In  1943  show  less  accumulation  of  nitrates  than  do  the  continuous 
plowed  plots. 

Ihere  was  a  aignifioant  depth  x  year  interaction.  In  1942  the  order  of 
accumulation  by  depth  was  0  to  3,  3  to  6  and  6  to  12,  aocuHulatlon  decreasing 
with  i-.epOt,  In  1943  the  order  was  3  to  6,  0  to  3,  »nd  6  to  12,  with  accumu- 
lation of  the  first  2  depths  at  about  the  sans  level  but  that  at  6  to  12-inoh 
depth  being  significantly  inferior.  August  and  Septeober  of  1943  "»re  drier 
than  the  sane  period  in  1942,  and  the  result  was  an  accumilation  in  the  sur- 
face 6  inches  with  no  indication  of  leaching  under  any  treatment. 

The  F  Talus  for  plots  within  treatnent,  depth  and  year  was  highly  sig- 
nificant when  teeted  against  duplicate  detorninatAona  within  plots.     This 
serves  to  point  out  the  variation  in  ability  of  plota  to  fix  nitrates  to  the 
same  extent  under  the  sane  conditions.     The  mean  square  for  plots  within 
treatnent,  depth  and  year  was  used  as  the  error  tern. 

Yields  of  Orain  and  Straw  < 

In  Table  29  are  recorded  the  height  of  plant  at  harvest  tine  in  inches 
and  the  yields  of   jrain  in  bushels  per  aero.     Tne  grain  was  harvested  by 
combine  the  last  week  of  June  in  the  suaaer  of  1943.     One  5-foot  swath  was 
cut  lengthwise  through  the  field}  plot  yields  were  sacked  Individually  and 
weighed. 

The  averages  for  both  height  and  yield  are  given  with  and  without  the 
values  for  plot  10.     In  preliminary  studies  on  the  total  soil  nitrogen  in  the 
different  plots,  plot  10  was  found  to  have  0.126  percent  nitrogen,  whereas 
the  other  11  plots  averaged  0.134  percent;  the  lowest  of  these  was  0.131 
percent.     It  is  possible  that  this  low  soil  nitrogen  of  plot  10  has  infltt- 


enced  the  yields. 

It  will  be  noted  that  either  average  for  yield  of  grain  on  the  plowed 
plots  is  greater  than  that  for  the  aubtilled  plots.  Wis  would  be  expected 
in  view  of  the  low  nitrate  content  of  subtllled  plots  at  seeding  tine  and 
the  conclusions  reached  by  Sewell  and  Gall  (192$)  concerning  nitrate  acounu- 
lation  and  yields  in  this  area. 

There  seeos  to  be  a  general  relation  between  the  height  of  plant  and  the 
yield  of  grain  which  would  again  infer  a  nitrate  relation.  Though  the  height 
of  plant  averages  differ  but  little,  they  do  reflect  the  sane  lack  of  cover 
that  was  found  when  plot  cover  was  determined. 

In  connection  with  yields,  the  difficulty  encountered  in  the  control 
of  volunteer  should  again  be  mentioned.  The  relation  of  volunteer  to  Hessian 
fly  is  not  a  desirable  one  from  the  standpoint  of  yields,  and  in  bad  "fly 
years"  this  lack  of  control  could  conceivably  inpalr  the  crop.  The  appear- 
ance of  the  plots  in  March  is  shown  in  Plates  V  and  71.  The  difference  in 
amounts  of  volunteer  can  be  easily  seen. 

Table  29.  Height  of  plant  in  inches  and  yield  in  bushels  per  acre  -  1943. 


Mean  less  plot  10 


Height  of  j 

slant  in  inches 

Tield,  buahe.      por  acre 

Plowed 

Subtllled 

Plowed. 

Subtllled 

37.9 

36.5 

38.54 

30.39 

38.2 

36.6 

36.91 

29.14 

37.5 

38.0 

35.40 

36.67 

36.6 

35-5 

35.01 

28.26 

35.0 

37.3 

27.33 

32.29 

35.0 

34.0 

32.87 

27.87 

36.70 

36.31 

34.34 

30.77 

37.04 

36.31 

35-75 

30.77 

EXPUUUTIOH  OP  PUIS  V 
Surffcce  of  oubtillad  plot. 
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PLATE  V 


■KMUBM  OF  iPWTB  TI 
Surfaos  of  plowed  plot. 
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stnaoKT 

A,  •tody  of  subtilled  and  plowed  plots  was  undertaken  In  an  attempt  to 
iuiwr  certain  questions  eon  coming  moisture  relations,  state  of  a-grega- 
tion,  nitrate  accumulation,  ndorobiologiottl  relationships,  yields  and  other 
factors.     The  following  observations  have  been  made. 

The  presence  of  crop  residues  on  the  surface  materially  reduces  runoff 
and  lnoreases  infiltration.     For  extended  drying  periods  the  presence  of 
mulches  nay  tend  to  reduce  soil  moisture  to  a  greater  extent  than  in  jiowed 
iiirralched  plots. 

Nitrate  aoci*ful£.tion  is  markedly  reduced  by  the  un  of  aurfece  nulehae. 
Their  use  may  also  result  in  greater  leaohia:  of  nitrate  froe  the  surfaoa 
sol'   in  wet  periods.     This  lowered  nitrate  content  is  reflected  In  lower 
grain  and  straw  yields. 

The  aggregated  fraction  of  the  soil  contains  more  carbon  and  more  nitro- 
gen than  does  the  unaggregated  fraction.     In  soil  that  has  been  under  culti- 
vation for  sore  tins,   however,  the  value  of  C/N  is  about  the  same  for  both 
fractions  which  Indicates  a  similarity  in  the  type  of  organic  matter  in  the 
2  fractions.    Tfhen,  on  the  other  hand,  these  2  fractions  fron  sod  or  frost 
cultivated  soils  which  hive  received  recent  applications  of  straw  are  con- 
sidered, a  difference  is  found  in  their  values  of  C/N  which  indicates  differ- 
ent types  of  organic  matter  in  the  2  fractions.     The  difference  disappears  in 
cultivated  soils  as  decomposition  progresses.     These  changes  may  be  similar 
to  those  which  take  place  when  virjln  sod  goes  into  cultivation. 

The  studies  on  the  state  of  aggregation  have  led  to  the  conclusion  that 
the  Burfaoe  cover  way  enhance  or  mm/  reduce  aggregation,  depending  on  ths 


effect  It  exerts  on  soil  nolsture.     On  the  soils  studied,  the  state  of  aggre- 
gation inoreaaed  with  soil  moisture.     In  subtilled  plots  the  state  of  aggre- 
gation increased  at  a  greater  rate  than  it  did  in  plowed  plots.     Under  drying 
oondltiom  in  plowed  plots  it  decreased  at  a  slower  rate  than  it  did  in  sub- 
tilled  plots.    Aggregation  in  cultivated  soils  was  found  to  be  more  erratic 
in  its  changes  than  aggregation  under  sod.     The  aggregates  from  sod  were  also 
found  to  hold  more  water  than  those  fron  plowing,     these  characteristics  are 
probably  related  to  a  labile  carbon  fraction  found  in  sod  aggregates  but  not 
present  in  aggregates  fron  long-time  cultivated  soils. 

Bacterial  analysis  of  the  aggregated  and  unaggregated  fractions  as  they 
occurred  under  field  conditions  brought  to  light  no  continuous  significant 
differences  in  total  bacterial  numbers,  though  numbers  in  the  unaggregated 
fraction  usually  averaged  higher  than  those  in  the  aggregated  fraotion. 
Shortly  after  the  time  of  treatment  the  aggregated  fraotion  on  all  plots  con- 
tained a  significantly  higher  number  of  total  organisms  than  did  ths  unaggre- 
gated fraotion,  while  2  months  later  the  condition  was  reversed.     This  has 
bean  taken  to  mean  that  a  temporary  type  of  aggregate  was  pressnt  after  treat- 
ment, brought  about  by  decomposing  organic  matter.     Associated  with  this  were 
high  counts  of  total  organisms.     When  the  aggregate  disappeared,  as  shown  by 
a  return  to  normal  values  of  the  carbon  in  the  aggregated  fraotion,  the  bac- 
terial population  was  released  to  the  unaggregated  fraction,     numbers  of 
actinomyces  and  anaerobes  were  not  found  to  differ  between  fractions. 

Fungal  counts  were  depressed  under  subtilled  plots  at  the  time  of  treat- 
ment and  remained  the  same  or  slightly  increased  under  plowed  plots.     Two 
months  after  treatment  they  had  increased.     Ba  this  way  they  followed  the 

trond  as  the  state  of  aggregation. 
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Further  studies  on  sod  and  cultivated  soils  showed  significantly  higher 
total  counts  and  fungal  counts  under  sod.  In  these  cases  also  there  was  a 
significantly  higher  fungal  count  in  the  aggregated  fraction  than  in  the  un- 
aggregated  fraotion.  It  is  possible  that  fungi  can  affect  the  state  of  ag- 
gregation due  to  the  nature  of  the  mycelia.  It  is  highly  doubtful  that  true 
bacteria  exert  any  appreciable  long-time  effect  on  the  aggregated  fraotion. 
The  amounts  of  carbon  and  nitrogen  found  in  the  unaggregated  fraotion  of 
soils  are  aufficisnt  to  sustain  its  population.  The  presence  or  absence  of 
organisms  is  influenced  by  availability  of  food  and  not  by  quantity. 

Because  of  greater  difficulty  encountered  in  control  of  volunteer,  the 
need  of  better  implements  for  cultivation,  the  lack  of  nitrate  accumulation 
and  its  effect  on  yields,  subsurface  tillage  cannot  be  recommended  for  this 
area  at  this  time. 
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